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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.
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es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may'be’the subjéct of
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tee responsible for this document is Technical.€ommittee ISO/TC 85, Nuclear energy, nuclear
and radiological protection, Subcommittee'SC 5, Nuclear fuel cycle.

lition cancels and replaces the second édition (ISO 12183:2005), which has been technjcally

© ISO 2016 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=7beecb66233ca6d46cadda5a258f1aa7

INTERNATIONAL STANDARD ISO 12183:2016(E)

Nuclear fuel technology — Controlled-potential
coulometric assay of plutonium

1

Scope

This document describes an analytical method for the electrochemical assay of pure plutonium nitrate

solut

nce level of
s solutions

) =Y, 0
for a single determination (coverage factor, K = 2). The method is suitable for aquéo

contining more than 0,5 g/L plutonium and test samples containing between 4-mg and 15 mg of

plutdnium. Application of this technique to solutions containing less than 0,5 g/L'and

est samples

containing less than 4 mg of plutonium requires experimental demonstration by the'user that applicable

datalquality objectives will be met.

For spme applications, purification of test samples by anion exchange is required before measurement to
remgve interfering substances when present in significant amounts. Refer to Clause 10 for p discussion
of inferferences and corrective actions. Purification is also appropriate in situations wherje the purity
of the test sample is unknown or when it may fluctuate unpredictably in a manufacturing grocess.

Clauge 11 discusses the changes in application of the method'and methodology that can be|applied and
impdrtant considerations when selecting measurement parameters, while still remaining within the

interjded scope of this document.

2

There are no normative references in this document.

3

No terms and definitions are listed'in this document.

ISO

4

The key-steps and their purposes are outlined below:

ormative references

erms and definitions

nd IEC maintain terminelogical databases for use in standardization at the following 4ddresses:

EC Electropedia: available at http://www.electropedia.org/

SO Online brewgsing platform: available at http://www.iso.or

rinciple

test samples are prepared by weighing and then fuming to dryness with sulphuric acid to achieve a
consistent and stable anhydrous plutonium sulphate salt that is free from chloride, fluoride, nitrate,
nitrite, hydroxylamine, and volatile organic compounds;

if needed to remove interferences, dissolve test samples and purify by anion exchange, then fume
the eluted plutonium solution in the presence of sulphuric acid to obtain the dry plutonium sulphate
chemical form;

measure a blank of the nitric acid supporting electrolyte and calculate the background current
correction applicable to the electrolysis of the test sample from charging, faradaic, and residual
currentlll;

dissolve the dried test sample in the previously measured supporting electrolyte (the blank);

© IS0 2016 - All rights reserved 1


http://www.electropedia.org/
http://www.iso.org/obp
https://standardsiso.com/api/?name=7beecb66233ca6d46cadda5a258f1aa7

ISO 12183

:2016(E)

reduce the test sample at a controlled potential that electrolyses the plutonium to greater than

99,8 % Pu3+ and measure the equilibrium solution potential at the end of this step by control-
potential adjustmentl[2];

oxidize the test sample at a controlled potential that electrolyses the plutonium to greater than

99,8 % Pu4+* and measure the equilibrium solution potential at the end of this electrolysis by control-
potential adjustment;

correct

calibrat

the result for the background current and the fraction of plutonium not electrolysed;

e the coulometer using traceable electrical standards and Ohm'’s Law;

use the
coulom]

use trad
of the nj

periodi
on the
support

These stepd
measureme
consistent v
Clauses 10 3

5 Reage

Use only an{

All aqueous
resistivity g

5.1 Nitrid

NOTE R¢

5.2 Amid

5.3 Sulphpuric acid solution, c (H2S04) = 3 mol/L.

NOTE M
the concentr:

measured value of the coulometer calibration factor and the Faraday constant to conyel
bs of integrated current from the electrolyses to moles of plutonium;

eable quality-control plutonium standards to demonstrate independently thexpetforni
easurement system;

fally measure the formal potential of the plutonium couple, Eg, which is user-specific h
cell design, connections, reference electrode type, and the acid-type’and molarity g
ing electrolyte.

ensure that representative, reproducible, and stable test Samples are prepare
ht. The test samples are measured using a protocol that is.based upon first principles 4
Fith a traceable, electrical calibration of the coulometer."Additional details are provid
nd 11.
nts

ilytical grade reagents.

solutions shall be prepared with doublé-distilled or distilled, demineralized water w
reater than 10 MQ-cm, i.e. ISO 3696.Grade 1 purified water.

acid solution, ¢ (HNO3) = 0,9\mol/L.

fer to 11.4 for other electfolyte options.

psulphuric acid selution, c (NH2HSO3) = 1,5 mol/L.

plarity iS\net a critical parameter for sulphuric acid used to fume plutonium test samples, pro
ition @f-the reagent is well above the level where colloidal plutonium complexes form.

tthe

ance

ased
f the

l for
nd is
ed in

ith a

vided

{0

5.4 Pure

'S £ £l 10 Al
TSI OT TIT UgCIL, TO 2 CUITTCTICTO W eT—tTalT 1O P PIIT)T

5.5 Pure air, free of organic contaminants.

6 Apparatus

Usual laboratory equipment found in a medium-activity radiochemical laboratory suitable for work
with plutonium shall be used.

6.1 Analytical balance, installed in radiological containment unit and must be capable of weighing
1 g mass, with an uncertainty of #0,1 mg (coverage factor, K = 1). This represents a relative uncertainty

of 0,01 %.

© ISO 2016 - All rights reserved
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— Weighing less than 1 g will increase the relative uncertainty to >0,01 %, in an inversely
proportional manner.

— If the uncertainty of the balance, as installed, does not meet the *0,01 mg criterion, then
correspondingly larger test samples are required.

6.2 Weighing burette, glass or plastic, the material selection is not critical provided it maintains a
stable mass (tare weight) and static charge is controlled as described in 7.1.1.

6.3 Equlpment for test sample evaporatlon in the coulometrlc cell comprlsmg of an overhead
i nd optional

— providing settings that allow both rapid and well-controlled rate of initial evapgnation/followed by
luming the remaining sulphuric acid solution to dryness at a higher temperatune;

— preventing mechanical loss of the test sample solution from boiling and /61 spattering;

— Jreventing contamination by extraneous chemicals, such as those which may be used to neutralize
acid vapours;

— leating of the coulometer cell wall to optimize fuming and ndinimize refluxing of sulphuric acid by
placing the cell inside an optional aluminium tube with an inner diameter that is 1 mhm to 3 mm
arger than the outer diameter of the cell and a height thatis 1 mm to 5 mm shorter than|the cell may
be placed around the cell during the fuming step to heaf'the walls of the cell;

OTE An aluminium block with holes bored to asintilar specification for inserting the cel]l may be used
instead of the aluminium tubes.

— addition of an optional air supply with the delivery tube directed towards the surface |of the liquid
lo optimize the evaporation rate and disperse the acid fumes;

— 3ddition of an optional vapour capture and local neutralization to control acid fumeg, depending
ipon facility design and ventilation'system requirements.

See Higure 1.

© IS0 2016 - All rights reserved 3
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Dimensions in centimetres
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Figure 1 — Sample evaporation:system

6.4 Contrplled-potential coulometer.

See Figure 2.

6.4.1 Coulometer cell assembly, comprising the following:
— astirref motor with a rotation frequercy of at least 1 000 min-1;

NOTE 1| Adjustable-speed motors_allow optimizing rotation rates for individual cell designs. Stirrer
motors powered by isolated DC\power supplies are desirable to prevent electrical noise from peing
superimposed on the blank and test sample electrolysis current signals sent to the integrator.

— acylindrical or tapered‘glass coulometric cell of capacity 50 mL, or less, with an O-ring seal and a
tight-fitting lid with.opehings to insert the following internal equipment:

— an Inlet tubé€ for humidified, inert gas to displace dissolved and atmospheric oxygen frorh the
solytion afi'the electrolysis cell, respectively;

— ast|nfer with blade and shaft made from chemically inert materials [e.g. polytetrafluoroethylene
(PTFE}}, anmddesigmedto prevent splasting;the shaft of the stirrer s typicatty tocatedih the
centre of the cell and connected directly to the stirrer motor;

— aworking electrode made of gold (e.g. 99,99 %) and consisting of a gold wire welded or machined
to a cylindrical gold wire frame, nominally 15 mm high and 20 mm in diameter, around which
is welded or machined a very fine gold mesh, which is typically several layers (e.g. four layers);

NOTE 2  Refer to 11.4 for other working electrode options.

— a glass tube plugged at the bottom end with a sintered-glass disc (typical dimensions of 2,5-mm
thick and pore size <0,01 pm), the tube filled with nitric acid (5.1) and the tip of the sintered-glass
end positioned within the ring of the working electrode;

— areference electrode, saturated calomel electrode (SCE), or other reference electrodes as described
in 11.3, is inserted into the glass tube;

4 © IS0 2016 - All rights reserved
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— another glass tube, similar to the first one, also filled with nitric acid (5.1), and the tip of the sintered-

The

than
thes

a)

b)

glass end positioned within the ring of the working electrode;

an auxiliary electrode consisting of a platinum wire, 0,5 mm to 3,0 mm in diameter, is i
the second glass tube;

NOTE3  The platinum wire may be coiled to increase the surface area submerged in th
electrolyte, as illustrated in Figure 2.

a gas washer bottle, filled with reagent water as described in Clause 5, to humidify t
before it is introduced into the coulometer cell assembly.

nserted into

e supporting

he inert gas

liameter of the glass tube and sintered-glass disc containing the auxiliary electrode-n
that of the glass tube and sintered-glass disc containing the reference electrode. The
plution through both glass discs shall be less than 0,05 mL/h.

)
the temperature of the test sample solution during the measurement proc€ess is an opti
The solution temperature should be measured either during the oxidation of the teg
jmmediately following the analysis. An uncertainty goal for the-temperature mea
10,2°C(K=1).

If it is not possible to insert a temperature sensor into’the electrolysis cell or n|
to measure the temperature of the test sample solutiep immediately after the el
completed, then estimate the solution temperature from the ambient air temper
reagent temperature. Note that the purge gascis)cooled by expansion causing

temperature to decrease relative to the ambient temperature; the extent of this d
function of the inert-gas flow rate and the cell'design. The measured air or reagent {
value must be corrected for this cooling effect. A higher uncertainty of #1 °C, K =1
in the calculated solution temperature.

I
g

‘or optimum potential control, position’the sintered-glass discs of the reference a
tlectrodes glass tubes to meet the following requirements:

— the closest distance from the'réference electrode sintered-glass disc to the working
2 mm or less;

— the distance between the two sintered-glass discs containing the auxiliary an

on the working-electrode.

.

[he hole throfigh which the stirrer shaft is inserted serves as the primary escape
inert gas. Except for this hole, all other insertions are tight fitting. The inert-gas flo
e sufficiently high to quickly remove oxygen from the supporting electrolyte and the|
olutioh; Furthermore, it must prevent leakage of air into the cell assembly during the

practical guide for adjusting the flow rate is to direct all or part of the inert gas su
he“solution, such that a 2 mm to 4 mm dimple is formed on the surface without

ay be larger
flow rate of

\ thermocouple or resistance thermometer installed in the coulometer cell @ssembly for measuring

nal feature.
t sample or
surement is

ot desirable
ectrolysis is
hture or the
the solution
ecrease is a
emperature
is expected

hd auxiliary

electrode is

d reference

electrodes is less(than the distance between the auxiliary electrode disc and the nlearest point

vent for the
v rate must
test sample
electrolysis.
bply toward
causing the

solution to splash.

— Cell assemblies with an optimized design, an adequate inert-gas flow rate, and a tight fit, will
remove oxygen in 5 min or less. The time required to remove oxygen from the solution should

be established by users based on testing of their cell assembly under routine condi

© ISO 2016 - All rights reserved
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1
l
Key
1 wvideo 8 auxiliary (or counter) electrode in bridge tube filled| with
2 printer (pptional) supporting electrolyte
3 control domputer 9 reference electrode in bridge tube filled with suppdrting
electrolyte
4  keyboard 10 inert gas
5 potentioptat and integrator 11 stirrer
6 digital voltmeter{BViV3 +2—workingelectrode
7  AC/DC power for stirring motor 13 cell

Figure 2 — Coulometric cell assembly connections

6.4.2 Instrumentation, comprising the following[3][4]:

a) Potentiostat with the desired range of electrolysis potentials for plutonium measurement and the
following capabilities:

— apower amplifier with a current output capability of 250 mA, or greater;

6 © IS0 2016 - All rights reserved
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a quick-response control-potential circuit, with maximum rise-time of 1 ms from zero volts to

the desired control potential, with voltage overshoot not exceeding 1 mV;
a control amplifier with a common-mode rejection of 90 dB, or greater;
automatic control-potential adjustment, with a resolution of 0,001 V, or less;

a voltage-follower amplifier, to isolate the reference electrode (electrometer), with
input impedance of 1011 Q;

a minimum

capability to monitor the electrolysis current, including charging current for zero to 500 mA,

with a detection capability of 0,5 pA.

b)

q

6.5
with
in th

OTE
he oxidation potential and the other for the reduction potential, although this is not a system 1

oulometric integrator capable of integrating blank and test sample electrolysis curr
ast 150 mA down to 1 pA with a readability of +10 uC (refer to 7.1.4 for integrator cap
alibration requirements);

Digital'voltmeter (DVM), with an input impedance of 1010 Q) or greater and having an
n 0,001 % (K = 1) for voltages in the range 0,5 V to 10 V, and within £0,01 % (K = 1)
e‘range 100 mV to 500 mV. These uncertainties are required for electrical calibr

This procedure assumes that the coulometer has two accurate potentiometersjon€

The control-potential system should not drift more than +1.mV and the current
system should not drift more than 0,005 % during routine measurements (betwe

for selecting
equirement.

ents from at
hbilities and

integration
bn electrical

calibrations), over the range of temperatures to which thecontrol-potential circ
exposed. If the room temperature varies excessively{the instrumentation shoul
in a cabinet having temperature controls sufficient to limit electronic drift v
specifications.

An electronic clock, with an uncertainty of £0;002 % (K = 1) for determining the
electrical calibrations and electrolyses.

A system for generating a known constant current, stable to 0,002 % over 4
temperatures to which the constant<«urrent circuitry will be exposed. This system
for electrical calibration of the integration circuit of the coulometer, as described i

The cable connecting the pétentiostat to the cell should be a three-wire conduct
shielded cable, preferably. with the shield grounded at the potentiostat. Gold-platec
at the cell are recommended as these are not susceptible to corrosion.

itry will be
be located
vithin these

duration of

he range of
will be used
n7.1.4.

or, twisted-
connectors

The charging-currentpeak maximum observed during the first 25 ms to 50 ms of the blank and

test sample oxidations must be within the instrument specification for the integr
The surface areaof the working electrode can be decreased to reduce the charging d
maximumsAnoscilloscope or a voltmeter with high-speed data acquisition is require
the amplitude of this peak, which has a typical width at half the maximum of 10 ms t

ator circuit.
urrent peak
1 to measure
0 20 ms.

uncertainty
for voltages
htion of the

instrumentation, as described in 7.1.4.

6.6 Regulated power, instrumentation should be protected with an uninterruptable power supply
that provides a regulated voltage within +1 % of the standard for that particular country, and provides
appropriate surge protection.

© ISO 2016 - All rights reserved
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7 Procedure

7.1 Plutonium determination

7.1.1 Weighing the test sample, with an uncertainty of +0,01 %, K= 1.

The test sample may be weighed after delivery into a tared coulometer cell, and the apparent mass

corrected fo

r the air buoyancy effect using either Formula (1) or Formula (2), as described below.

Alternatively, a known mass of the test sample may be delivered into the coulometer cell, as described

instepsa)t

rouagh-f)
o J

For test sar
solution be

If a weight burette made of polythene, or other material susceptible to static electricity) is used,

the problem
plate conne

a) Fill a wq

b) Weight

c) Deliver

4 mg of

d) Weight

e) Thema

f) Correct

MReal =
where

Dy i

|

Dy i

Dy i

In addition
corrections
measureme

he burette to 0,1 mg.

a test sample of at least 1 mL, drop by drop, into a coulemetric cell, ensuring that at
plutonium has been delivered.

he burette again to 0,1 mg.

5s difference gives the apparent mass, my, of the test sample in the cell.

ly is between 0,001 16 g/cm3 and 0,001 20 g/cm3;

of static electricity may be eliminated by contact between the dropping tube and a cq
ted to the ground, or a similar arrangement.

ighing burette with the solution to be analyzed.

the apparent mass of the test sample for-the air buoyancy effect using Formula (1):
M, (1 - Dy/Dy) (1 - Da/Ds)1

s the density of air, whichis a function of temperature, pressure, and humidity, but tyy

s the density of the stainless steel weights used in modern analytical balances, 8,0 g/c

s the density‘of the test sample.

to applying an air buoyancy correction to the mass of the test sample, air buoy
should be applied to all mass measurements (including any bulk material

hples at high plutonium concentrations (e.g. 15 g/L or more), it is recommend. that the
liluted to achieve an overall weighing uncertainty of +0,01 %.

then
pper

least

M

ical-

m3;

ancy
mass

hts), This correction is required to eliminate systematic errors that can exceed 0,1 ¢

o for

solutions. T

€ COTTECTION 15 1635 for Sotids, but can stitt be significant.

For plutonium metal and alloy test samples, an additional buoyancy correction term for self-heating
from radioactive decay, as detailed in Formula (2) is also appropriate.[5]

© ISO 2016 - All rights reserved
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MReal = Ma (1 - Da/Db) (1 - Da/Ds)_l (1 - Am’X Ma-2/3 X Puheat)_l

where

M, is the apparent mass, g;

Am’  is the mass coefficient for the heat buoyancy term, with a value of 0,000 03 g5/3

+0,000 01 g5/3 mW-1 (10) for test samples ranging from 1 g to 15 g;

(2)

mw-1

—

7.1.2

a) Add 1 mL of sulphuric acid solution (5.3) to the coulometric cell cafitaining the test sa

PUneat is the specific-heat of the plutonium, mW g-1, calculated from the plutonium isq

abundance and 241Am content. This value is nominally 2 mW g-1 to 3 mW gztfo
with a burn up ranging from 2 MWDKg-1 to 8 MWDKg-1 (or GW-days pef metri
specific heat increases with higher reactor burn up and increased 238Pwconten

Preparation of the test sample

topic

I plutonium
C ton). The

[.

rIple.

b) Place the cell containing the test sample into the sample evaporation system amd carefully

c) Evaporate the remaining liquid in the test sample at axtéemperature sufficient to evo

q

The ¢olour of the plutonium sulphate is dependetit on the type of lighting used in the labor
fluorjescent lighting the dried sulphate is coral pink. Degradation of plutonium sulphate t
oxid¢ should not be expected even after“baking the residue unless subjected to ext

temp
fines|

advefsely. Any or all of these failures can produce a visible black residue in combinati
dried sulphate powder. These résidues could be mistaken for plutonium oxide, and depend

com
d)
e)

jon. The excess reducing agent shall be removed by purification or destroyed prior to

f)

¢vaporate the liquid in the test sample so as to avoid splashing.

ve fumes of

03, and continue until SO3 fumes are no longer obsérved and a residue of plutonigm sulphate

pink/orange-coloured precipitate) is formed. Do n@t allow the solution to boil or splasl]
ause mechanical loss.

eratures. Failure to use (i) high putity reagents, (ii) anion-exchange resins washed
and (iii) heating equipment that)is well maintained and clean will impact the fumir

osition might interfereinthe coulometric measurement.

llow the test sample\to cool to room temperature.

oulometric medsurement by the addition of either hydrogen peroxide or nitrite io}

easurement. Refer to Clause 10 for details.

n as this will

htory. Under
b plutonium
‘emely high
'ree of resin
1g operation
pn with the
ing on their

f Pub+ (PuO22#).is'present, it shall be reduced to lower oxidation states (Pu3+ and Pyi4+) prior to

h or ferrous
coulometric

f the presence of significant amounts of impurities is suspected, dissolve and purify t

e dried test

ample to eliminate the interfering elements. Repeat the sulphuric acid fuming step a$ detailed in

7.1.2. Anion-exchange is an effective purification process; it is outlined in Annex A.

7.1.3

Electrode pre-treatment

Electrode conditioning is critical to ensuring reproducibility. The following storage and treatment
techniques may be used individually or in combination to condition the working and auxiliary
electrodes:

— storing in 8 mol/L nitric acid when the electrodes are not in use (this storage technique is
recommended as the general practice);

— soaking in concentrated nitric acid;

© ISO
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soaking in concentrated sulphuric acid containing 10 % hydrofluoric acid, followed by 8 mol/L
nitric acid;

soaking in aqua regia (limited to several minutes to prevent damage to the working electrode);

boiling in nitric acid;

flaming

the platinum auxiliary electrode to white or red heat.

Electrode treatment may be performed on a preventative basis, at the beginning and/or at the end of
the day of electrode use. Alternatively, treatment may be on an “as needed” basis, particularly needed
in case of failure to obtain optimum electrode performance in either the blank or the test sample

measureme
current pA)
satisfactoryj
Each day, d
conditioning
a) Assemb
b) Takead

electrod
c) Add ond
d) Firmly f
e) Start th

rate, wij

connect
f) Open th

Inadeqy
g) Presele
h) After dd

10 pA i
i) Startth
j) Oxidize
k) Stop thd
1) Rinse tl

electrol

nts. The background current values (total mC, charging current mA maximum, and ges
should be reproducible for a given installation and are normally used as indicato
performance.

r more often as desired, before performing the actual blank determination, fu
b of the electrodes is achieved by performing the following sequence of electrolyses:

le the cell lid, complete with the electrodes and other internal equipmeént (6.4.1).

lean dry coulometric cell and add sufficient nitric acid solution (5:1) to immerse the wo
le, and the sintered-glass discs of the reference and auxiliary eléctrode tubes.

drop of amidosulphuric acid solution (5.2).
it the cell under the lid.

e stirrer at the desired speed. This speed should be selected to maximize the sti
nile avoiding splashing or forming any exceSsive vortex that would interrupt elect
ions.

e gas inlet and maintain a sufficient flew of inert gas throughout the electrolysis pe
ate purging to remove oxygen canlie'mistaken for an electrode-conditioning problem

't the oxidation potential at Eg+0,32 V and the reduction potential at Eg-0,36 V.

gassing for 5 min, start the‘oxidation and oxidize at Ep+0,32 V until a residual currg
obtained.

e reduction and reduce at E¢-0,36 V until a residual current lower than 10 pA is obtairn
at Ep+0,32 V.,

electrolysis when the current is lower than 10 pA.

y te.

idual
rs of

Fther

'king

rring
rical

riod.

nt of

ed.

e electrolysis cell and the outside wall of the fritted-glass tubes with fresh suppofting

m) Based upon electrode performance,

7.1.4

— perform further electrode conditioning (see 7.1.3) until the desired performance is observed, or

— measure the supporting electrode blank determination (see 7.1.6) in preparation for the

sub

sequent measurement of plutonium test samples.

Electrical calibration of the current integration system

The electrical calibration factor of the coulometer is measured by using a high accuracy, highly stable
constant current in place of the electrolysis cell. Detailed instructions for the calibration of a current
integration system are highly dependent upon the design of the specific integration circuit. However,

10
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the following general principles and specifications apply toward determining the calibration factor
within an uncertainty envelope not exceeding +0,01 % (K = 1).

— Generate a constant current (stable and known to within 0,002 %, K = 1) in a manner that is
electronically equivalent to the process by which the electrolysis current from the test sample and
the blank are integrated.

NOTE Typically, the potentiostat is converted into a constant current source with the current flowing
through a standard resistor, instead of the cell assembly. The voltage drop across the standard resistor
is measured to determine accurately the actual calibration current. Alternatively, if a constant current
source is used instead of the potentiostat, then this external source requires periodic calibration to ensure
consistency and traceability.

— Determine the duration of calibration (i.e. current flow) within ~0,002 %, K = 1.

The linearity of the integrator response shall be demonstrated for the range of currents obsgrved during
plutgnium measurement (~50 pA to 100 mA). Ensure that the impact of the intégrator norflinearity on
the plutonium measurement is 0,005 %, K =1, or less.

A typical sequence for performing an electrical calibration is:

a) ¢onfigure the instrumentation for electrical calibration and set to the desired constant current, for
e¢xample 10,000 mA;

b) getthe integration time to an appropriate duration, for examiple 300 s;
c) fesetthe integrator;

d) 4llow time for the electronics to stabilize;

e) initiate the calibration and record the constdnt current used, I, mA;

f) 3t the completion of the calibration, recerd the output signal from the integrator, Q¢ (in the units
dppropriate for the specific measurement system) and the actual calibration time, tc, ifp seconds;

Elecqrical calibration should be performed atleast daily and in the same laboratory where the plutonium
meagurements are performed. An automated coulometer should perform the electrical calibration
withput the user needing to reconfigure the instrumentation. Refer to 8.1.

7.1.§ Formal potential determination

The formal potential,Ep, of the Pu4+/Pu3+ couple should be measured at regular intervals (fs described
in Annex B), especially when electrodes have been replaced or if the electrodes have been out of use
for alconsiderable*time. Before performing this measurement, ensure that the working apd auxiliary
electrodes have been properly pre-treated and conditioned. Also ensure that the SCE is filled with
saturatedspotassium chloride solution and contains a few free-flowing salt crystals, but is{not clogged
by excessive amounts of salt crystals.

When the control potentials E3 and E4 are measured during the analysis of the test sample, as described
in 7.1.7, these potentials are approximately equal to Ep-0,17V and Ep+0,17V, respectively. Thus, the
average of E3 and E4 is highly correlated with Eg. The average of E3 and E4 may be plotted on a control
chart and used as an indicator of the stability of the electrolysis cell and the reference electrode
between periodic Eg determinations.

The formal potential is close to +0,668 V vs SCE when nitric acid is used as the supporting electrolyte
but small variations can be expected because different calomel electrodes exhibit slightly different
potentials. The formal potential is also moderately dependent on the concentration of the nitric acid
supporting electrolyte. The selection of a different supporting electrolyte such as 0,5 mol/L sulphuric
acid would significantly shift the formal potential into the range of +0,492 V vs SCE.

Failure to fume completely test samples to a dry plutonium residue before dissolving in nitric acid
supporting electrolyte will result in an inconsistent shift of the formal potential due to the varying
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amount of excess sulphuric acid. In the analysis of U/Pu mixed oxides, additional sulphate ions
from dried uranium sulphate will also shift the formal potential as a function of the U:Pu ratio. The
appropriate formal potential value should be used in Formula (6) when mixed oxide materials are
assayed for plutonium.

7.1.6 Coulometric blank determination

Blank measurement parameters are set match the electrolysis conditions of the test sample. Optimum
reliability in the blank value is obtained when the initial and final oxidation potentials during the blank
and the test samples are matched as well as the duration of the blank and the test sample. Matching
the current level at which the control potential is adjusted for both the blank and test sample is not

appropriate| Refer to 8.2.

a) Rinse the outside wall of the fritted-glass tubes and, if necessary, fill them up with 0,9 mel/L mitric
acid solpition (5.1).

b) Repeat steps 7.1.3 b) to f).

c) Preselect the oxidation potential at Ep+0,24 V (SCE) and the reduction potential at Eg—0,26 V (5CE).

d) Degas the supporting electrolyte until dissolved oxygen is removed, as described in 6.4.1 c). Oxygen
removal should be accomplished in about 5 min, or less.

e) Startthp oxidation at Eo+0,24 V (SCE) until a residual current of@pproximately 5 pA is obtained.

f) Startthp reduction at Ep—0,26 V until the electrolysis current-decreases to approximately 10 HWA, or
less. (This should not take more than 2 min to 3 min if degassing is adequate.)

g) Slowly raise the control potential to the typical final reduction potential of test samples (nominally
E0-0,17| V), then allow the electrolysis current to equilibrate as needed (typically 30 s to 60 s) to a
residua] current in the range 1 pA to 10 pA. Ideally, this residual current is between 1 pA and B pA.

h) Measurg the control potential E1 supplied by'the potentiostat at the end of the reduction step, fising
the DVM (6.5).

i) Reset the integrator. The starting ofithe integrator and timer shall coincide with the beginning of
the oxidation.

j)  Start thie oxidation at Eg+0,24\V and wait 200 s, or wait a period of time that matches the tylpical
duratioh for the plutoniuni-test sample to be oxidized to 1/750 of the initial current, or less.

k) Slowly Jower the confrol potential to the typical final oxidation potential of the plutonium test
sampleg (nominally<Ep+0,17 V), then allow the electrolysis current to equilibrate as needed
(typically 30 s t6760 s) to a residual current Ir1 in the range 1 pA to 10 pA. Ideally, this resjdual
current|is between 1 uA and 3 pA.

1) Measurg the'control potential E; supplied by the potentiostat at the end of the oxidation step, ?sing
the DVMHE-53-

m) Record
— the final reduction and oxidation potentials, E1 and E (V),

— the residual current, /1 (mA),
— the integrated current, Q1, in the units of the output signal from the integrator (ideally, this
quantity equates to 5 mC, or less), and
— the electrolysis time, tp (s).
n) Stop the stirrer (and if desired, turn off the gas supply).
12 © IS0 2016 - All rights reserved
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7.1.7 Plutonium measurement

a)

b)

f)
g)

h)

j)

k)
D)

Transfer the nitric acid solution from the blank determination to the coulometric cell containing

the dried test sample, taking care to rinse thoroughly the sample cell wall.

Inspect the test sample solution to determine if the solid plutonium sulphate ha

s dissolved

completely. Even if the solids have not dissolved completely, continue with steps c) to g) below, but

increase the degassing time in step g), as needed, to ensure complete dissolution.
Firmly fit the cell under the lid.

Start the stirrer.

nsure that the gas inlet is open and leave it open throughout the electrolysis period;
6.4.1 c).

reselect the oxidation potential at Eg+0,24 V (SCE) and the reduction potential at Eg—

egas as described in 6.4.1 c) until dissolved oxygen is removed. Oxygen remova
ccomplished in 5 min, or less.

hs described

,26 V (SCE).
1 should be

tart the reduction at Ep-0,26 V (SCE) and reduce until an electrolysis current is obtained that is
/750 of the initial reduction current, or less, typically in the range of 50 pA to 150 pfA depending

pon the quantity of plutonium in the test sample. Reduction‘should not take more th
the stirring and degassing are adequate.

golution to equilibrate (10 s to 60 s) to a stable residdal current, typically between 1 pA

Measure the control potential E3 supplied by the potentiostat at the end of the reducti
DVM (6.5). E3 should be approximately Eo=0;17 V.

Reset the integrator and timer.

wpon the quantity of plutonium in the test sample. This should not take more than 1
gtirring is adequate.

$lowly lower the poténtial so as to obtain an electrolysis current lower than 1 pA, th

Measure the eontrol potential E4 supplied by the potentiostat at the end of the oxidatic
DVM (6.5). Exshould be approximately Eg+0,17 V.

Record

the final reduction and oxidation potentials, E3 and E4 (V),

the residual oxidation current, I (mA),

the electrolysis time, ts (s), and

the temperature of the solution during electrolysis, T (K).

7.2 Analysis of subsequent test samples

hin 10 min, if

$lowly raise the potential so as to obtain an electrolysis’current lower than 1 pA, then ajlow the test

and 5 pA.

n, using the

$tart the oxidation at Ep+0,24 V(SEE) and oxidize until an electrolysis current is obtgined that is
1/750 of the initial oxidation current, or less, typically in the range of 50 pA to 150 pf depending
D min, if the

en allow the
golution to equilibrate (10 s to 60 s) to a stable residual current I, typically between 1 1A and 5 pA.

n, using the

the integrated electrolysis current Qs, in the units of the output signal from the integrator,

Subsequent test samples that were weighed and prepared as described in 7.1.1 and 7.1.2, are measured
as described in 7.1.6 and 7.1.7.

© ISO 2016 - All rights reserved
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uent analysis will be performed:
e cell and components with supporting electrolyte or double-distilled water;

e reference electrode in a saturated solution of potassium chloride;

— store the working and the auxiliary electrodes in 8 mol/L nitric acid, or greater concentration.

NOTE
for maintaini

ng the desired electrode condition.

The user may elect to implement other storage protocols, which they have demonstrated as effective

8 Expre;

8.1 Calcu

Calculate tH
integrator d

directly in mpillicoulombs. In the last case, the electrical calibration factor is a quantity of dimensior]

C=Ictc

where

Ic

tc i

Qc

i
[

The electric
upon circuif
component

resistance, |

Ctheoreti

For examplg
a high preci
aresponse

Ctheoretical =

=1,0000 x

sstomrof Tesults

lation of the electrical calibration factor

e electrical calibration factor, C, using Formula (3). This factor is used to conver
utput signal to millicoulombs. The integrator output signal may be,in pulses, volt

Qc1

s the constant current generated during the electrical'¢alibration, mA;
s the time of the electrical calibration, s;

s the integral of the calibration current, expressed in the units of the output signal fro
he integration system.

al calibration factor calculated above.should equal the theoretical value, Ciheoretical, 4

design and the measurement of\key components in the circuit. However, the desigr
ayout may not lend themselves to'the in situ, direct and independent measurement of
r and the response of the integrator to the input signal, Rs:

al = LR~1 Rs~1
,if the electrolysis.current signal supplied to the integrator is actually a voltage drop a

bion 100,00 () lead-resistor and the integrator utilizes a voltage-to-frequency converter
£10 000,0 HZpér volt, then the theoretical calibration factor is calculated as follows:

(100,002 10 000,0 Hz/V)-1=10-6 Q-1 VHz"1=10-6 AHz1=10-6 A s pulse-1
1076 doulombs/pulse = 1,000 0 pC/pulse

t the
S, or
one.

(3)

m

ased
and
load

(4)

Cross
with

8.2 Calculation of the blank

The integrated current @1, obtained during the coulometric blank determination (7.1.6) is used to
calculate the blank correction that is appropriate for the conditions observed during the plutonium

determinati

14
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The value of the blank correction, Qy, is given by the following formula:

Qb=(Q1C-1Ir1t1) (Ea-E3) (E2-E1) 1+ L2 2 (5)
where

C is the electrical calibration factor, calculated using Formula (3);

Eq is the control potential measured at the completion of the blank reduction, V;

Ep is the control potential measured at the completion of the blank oxidation, V;

k3 is the control potential measured at the completion of the plutonium reductiemn;,|V;

ks is the control potential measured at the completion of the plutonium oxiddtion, |V;

01 is the integral of the current from the blank determination, expressed in the unjts of the
output signal from the integration system, (measured during the oxidation between poten-
tials E1 and E?);

t is the electrolysis time for oxidation of the blank, s;

i) is the electrolysis time for oxidation of the plutoniufn)s;

k1 is the residual current after oxidation of the blank, mA;

) is the residual current after oxidation of plutonium, mA.

The parameters of the blank measurement are fully'optimized when E1 = E3, E2 = E4, and tp = t1. Under

thes¢ ideal conditions, the term (E4-E3)/(E2-E%) in Formula (5) is equal to unity; the carrection for
constant background current is minimized when using Formula (5) and the value of Qy is approximately

that pf Q1.

8.3 | Fraction of electrolysed plutonium

The fraction of electrolysed platenium, £, is given by the following formula:

nF(E,~E,) nF(Ey-E)
RT RT
[-— == (6)
nF(E,&Ey) nF(E;-E)
1+e oRT 1+e RT
wherre

ko is the formal potential of the Pu4+/Pu3+ couple in the 0,9 mol/L nitric acid supp¢rting elec-
trolyte, V;
NOTE This potential is determined with chemically pure plutonium analyzed in the same
manner as the test sample (see Annex B).

R is the molar gas constant; R = 8,3145 ] mol-1 K-1[6](Z]

T is the absolute temperature, in Kelvin, of the solution during electrolysis (T = T¢ + 273,15)
where T¢is the temperature in °C;

F is the Faraday constant; F = 96 485,34 C mol-1[6][7]

n is the number of moles of electrons exchanged per mole of plutonium electrolysed, n = 1

(a dimensionless quantity; i.e. a quantity of dimension one).
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NOTE 1

:2016(E)

For integration data collected from current cut-off measurements made before reaching a residual

current without using the control-potential adjustment technique detailed in this document, the correction f
based on the control potentials applied during reduction and oxidation would be inaccurate. Refer to Clause 11

for details.

NOTE 2

http://physics.nist.gov/cuu/Constants/index.html.

8.4 Plutonium content

The plutonium content in the test sample, mpy, expressed in milligrams, is given by Formula (7):

mpy = ({

where

Qs
Qb i
Ay i
c i
F

F i

8.5 Quality control

Electrical c
integrator o
calibration

reliable qua
(see ISO 10
samples wi
used; satisf
low backgrq
operations;

control standards measured utilising electrical calibration; (ii) electrical calibration data, (iii) pe

formal pote|
A distinct
is the incrg

The current CODATA values for the Faraday constant and the molar gas constant are available at

sC-Qp) ArF-1f-1

s the integral of the electrolysis current, expressed in the units of the putput signal f
he integration system, during plutonium oxidation between the equilibrium potentig
'3 and Fy;

s the calculated blank from Formula (5), mC;

s the relative atomic mass of plutonium calculated from jts\isotopic composition, g mo
s the electrical calibration factor from Formula (3);

s the Faraday constant;

s the fraction of plutonium electrolysed fromyFormula (6).

hlibration of the instrumentations'provides an accurate and reliable conversion o
utput signal into millicoulombs, from which the plutonium content is calculated. Elect

ity-control programme[8l[2] based upon analysis of traceable standard reference matg
p80) is needed to verify;-reliability of mass measurements and proper fuming of thg
h sulphuric acid; gquantitative recovery of plutonium, if anion-exchange purificati
actory electrode ‘treatment and conditioning practices (verified through consist
und currents<during the blank and test sample measurements); reliability in instru
hnd the overallperformance of the analyst. Control charting is recommended for (i) qu

ntial, Egymeasurements and (iv) the average of the E3 and E4 potentials measurem
hdvantage of combining electrical calibration and traceable quality-control stang
ased confidence from independently ensuring system performance, demonstrati

(7)

"om
Is

f the
rical

does not independently testiall of the parameters involved in measuring plutoniym. A

rials
test
bn is
ently
ment
hlity-
iodic
ents.
ards
n of

measureme

4 o e 1 .1 Loalep. o 4 it 1 4 £ 4 : 1 :
ICUIILTT LAt y, dIU UIT dUIIILy TU HTTUIIITUT dIT d5SPTULS Ul LT ITITASUTTIHITIU Pprottss HILTU dlng

the preparation and control of plutonium reference materials. Accreditation of the user’s coulometric
measurement capabilities in accordance with ISO 17025 and participation in external sample exchange
programmes and/or performance evaluation test programmes will enhance measurement quality
assurance and continuous improvement efforts.

9 Characteristics of the method

9.1 Repeatability

The short-term repeatability has been demonstrated by several laboratories through measurements
of certified reference materials yielding results with relative standard deviation (1-sigma) of 0,02 %
to 0,03 %. The long-term repeatability has been demonstrated by these same laboratories to be 0,04 %
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to 0,08 % (1-sigma). The long-term precision estimate is based on routine measurements of quality-
control standards and replicate measurements of test samples that meet the requirements given in
Clause 1.

9.2

Confidence interval

Short-term and long-term systematic errors have been demonstrated to be +0,03 % or less, K = 2.
Combining systematic and random errors yields a confidence interval of 0,1 % to *0,2 % at the
confidence level of 0,95 for a single determination (K = 2).

The measurement uncertainty and associated coverage factor reported with plutonium assay results

shou

9.3

The
elect]
and 1

10 ]

Iron

supp
the f

for t

d be computed in accordance with JCGM 100.

Analysis time

fime needed for a plutonium determination is 30 min to 60 min depending-upon the
rode conditioning, and the selection of measurement parameters. Electralysis times f
est sample can be longer if conditions are not optimized.

nterferences

present at 500 pg/g of plutonium increases the plutonium result by about 0,1 % i}
orting electrolyte. If the iron content is both known and equal to 2 000 pg/g plutoniun
brmal potential of pure iron has been measured fot'the system, then a mathematicg

cell design,
pr the blank

h nitric acid
or less, and
| correction

ne iron is possible. The fraction of iron that would;be electrolysed along with plutopium can be

calcylated using Formula (6) by substituting the formal potential of the Fe3+/Fe2+ coupl¢ for Ep. See
Tablg 1 for calculations of f for impurity elements that are reversible couples.
Table 1 — Fraction eléctrolysed for impurity elements
Given Eo(Pu) = 0,668 V vs SCE
Given plutonium control-potential adjustment at 1/750 of the initial electrolysis currents.
Assuming final plutonium solution potentials: reduction, E3, at 0,500 V vs SCE and oxidation, E4, at 0,$36 V vs SCE.
Eph (impurity) Fraction of imp_urity Fract.iqn of imp_urity Tm;t?gf)?;;f;ﬁ?:;ity
Vs reduced during oxidized during
SCE plutonium reduction plutonium oxidation Pumeasurement,
fimpur ty
0,0029 1,000 0 0,002(9
0,350 0,007 6 1,000 0 0,007|6
0,375 0,0200 1,000 0 0,020]0
0,400 0,051 2 1,000 0 0,051 2
0,425 0,1250 1,000 0 0,1250
0,450 0,274 3 1,000 0 0,274 3
0,475 0,5000 1,000 0 0,5000
0,500 0,7257 1,000 0 0,7257
0,525 0,875 0 1,000 0 0,8750
0,550 09488 1,000 0 09488
0,575 0,9800 0,999 9 09799
0,600 0,992 4 0,999 7 09921
0,625 09971 0,999 3 0,996 4
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Table 1 (continued)

Eo (impurity) Fraction of impurity Fraction of impurity Total fraction of 1m[_)ur1ty
. C . electrolysed during
reduced during oxidized during P
. > . A u measurement,
SCE plutonium reduction plutonium oxidation

fimpurity
0,650 0,9989 09981 0,997 0
0,675 0,999 6 0,995 0 0,994 6
0,700 0,999 8 0,986 9 0,986 7
0,725 0,999 9 0,966 0 0,966 0
0,75(¢ ;0000 091249 09148
0,771 1,000 0 0,802 4 0,802 4
0,80 1,000 0 0,605 4 0,6054
0,821 1,000 0 0,367 0 03670
0,85 1,000 0 0,1797 0,179 7
0,871 1,000 0 0,076 5 0,076 5
0,90 1,000 0 0,0303 0,0303
0,921 1,000 0 0,0117 0,011 7
0,95 1,000 0 0,004 4 0,004 4
0,971 1,000 0 0,001 7 0,001 7

The informd

The mass off

Mpy-Fe

where

mpy

MFe

fFe

fPu
ArPu

ArFe

7T

i

tion in Table 1 is only applicable for a reversible couple, such as iron or neptunium.

plutonium corrected for iron impurity, mpy-re, is.calculated as follows:

mpy — mFefFefPu_1 Arpu ArFe_1

s the mass of plutonium, mg [from Formula (7)];

s the mass of iron (mg) in/the test sample, based upon the measurement of the iron im
y content by an appropfiate measurement technique such as spectrophotometry, induy|
ively coupled plasmad optical emission spectrometry or inductively coupled plasma m4
pectrometry;

s the fractionyofiron electrolysed, calculated based on Formula (6), with Eg assigned t
ralue of theformal potential of iron;

s the fraetion of plutonium electrolysed from Formula (6);

(8)

buri-

1.

i

s €he relative atomic mass of plutonium calculated from its isotopic composition, g mo

)’

is the relative atomic mass of iron, 55,845, g mol-1 (see IUPAC 2009([12]; use most current

[

UPAC value).

The uncertainty in the iron content in the test sample, mpe, depends upon the uncertainty and the
detection limit of the method used to determine the iron content. For nuclear grade materials, the
uncertainty in the iron content should be a minor component in the uncertainty budget for the
plutonium assay.

The uncertainty in fre is dependent upon the potential difference between the plutonium reduction
potential and the formal potential of the iron. The closer these potentials are, the greater the
uncertainty. This is illustrated in Table 1 by the rapid change in the fraction electrolysed when the
formal potential of an impurity is close to either the final plutonium reduction or oxidation potentials.

18
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A 25-mV difference in potentials will shift the fraction of the impurity electrolysed from 0,50 to either
0,27 or 0,73, depending upon the direction of the shift.

When the Eg of the impurity element is within 70 mV of the Eg of Py, the fraction electrolysed approaches
unity and the interference can be assumed to be quantitative given the typical uncertainties associated
with the concentration measurement of the trace impurity. This situation is observed for iron in
sulphuric acid supporting electrolyte. Refer to Clause 11 for additional details.

Neptunium interferes with plutonium measurement in nitric acid supporting electrolyte. Np4+ is
especially problematic since it does not react electrochemically at the same rate as the reversible Np6+/
Np5+ (Np022+/Np02+) couple The percentage of neptumum in the Np4+ ox1dat10n state is dependent

; : - 5 et - y i e neptunium
d nts and the
fraction of the neptunium involved in the reversible reaction of Np6+/Np5+ (NpO22:/NpOp+), but also
upon ensuring complete oxidation of Np4+ prior to the oxidation of the plutoniumiin a manner that
does|not adversely impact background current levels during the plutonium measuréements.

he reported
ential of the

Interfference from uranium has been reported by some but not all users. The mec¢hanism for {
interfference is not well understood. The discussion in 7.1.5 for determining the formal pot

plutgnium as a function of the Pu:U ratio may be effective at addressing part or all of {
interfference from uranium.

If Pup* (Pu032+) is present, it shall be reduced to Pu#+ prior teg goulometric assay. Several

anion exchange prior to coulometric measurement’ Following the coulometric measy
fron content of the solution should be measured te make the correction using Formula

he Pu6+ (Pu022+) can also be reduced with’ H02 preceding the fuming step by thd
b0 pL to 100 pL of 30 % hydrogen peroxide to the test sample solution in 8 mol/L nitri

202 reaction. After several hours:the'test solution should turn blue indicating comple
f the Pub+ (Pu022+) to Pu3+. The solution should then be gently heated on a hot plat
he plutonium to Pu#+, as indicated by a colour change in the solution to green. The co
he watch glass should then'be rinsed into the test sample, sulphuric acid added, and

ulphuric acid should/be-added before this heating step to prevent the drying of the co
he watch glass as €he'condensate may contain traces of the dissolved plutonium sp4
he effervescent tegction of the peroxide. If the nitric acid condensate dries on the wat
esulting plutenjiim nitrate salt can oxidize and the resulting residue may not readily di
he watchglass is rinsed.
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heat lost by the gas from expansion prior to its introduction into the coulometer cell and (ii) minimize
evaporation of the solution into the moist gas. Controlling temperature and humidity of the inert gas
decreases the rate of evaporation of the supporting electrolyte and the resulting cooling during the
measurement of the blank and sample.

In principle, anion-exchange purification (see Annex A) can be effective at removing the interferences
referenced above and in Figure 3, and achieving quantitative plutonium recovery[13][14], It is
recommended that plutonium solutions in 7,8 mol/L nitric acid be treated with NO2- when neptunium
is present. After NO- addition, heat the solution to 70 °C to 80 °C for 10 min to obtain Np5+ (NpO2+).
This step ensures separation of plutonium from neptunium in the anion exchange method, since Np5+
(NpO2*) is not adsorbed by the resin. In general, fuming to dryness in sulphuric acid and oxidation
state adjustment must be done to obtain the hexa-nitrato plutonium (iv) anion complex in the loading
solution in 7,8 mol/L nitric acid for the anion exchange purification method. Attention to reagent purity,

© IS0 2016 - All rights reserved 19


https://standardsiso.com/api/?name=7beecb66233ca6d46cadda5a258f1aa7

ISO 12183:

2016(E)

resin selection, and good experimental technique (loading the solution, washing, and elution) are other
critical parameters to achieve quantitative separation and recovery of plutonium free from interfering

impurity ele

ments[14],

Gold, iridium, palladium, and platinum interfere quantitatively and are not easily removed by anion-
exchange purification. However, these elements are rarely ever present in sufficient abundance in
nuclear grade plutonium to be of a cause for concern.

Fuming in the presence of sulphuric acid is an essential step in the plutonium measurement method
described in this document, independent of the dilute mineral acid selected for the supporting
electrolyte selected. The fuming step helps to eliminate interferences from organic materials and other

anions if ori
likely to res
during the

measureme

Organic conmipounds interfere through electrochemical reactions and through coating.of the wo

electrode re
dryness in
to inert ash,

The anions
removed by

11t in degradation of electrode performance and may result in induced background eu
blutonium measurement that is not included in the background current from(the Bhlank
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sulting in degraded performance. Volatile organic compounds are removed by fumi
ulphuric acid. Drying in sulphuric acid also facilitates conversion of(some organic matf
which does not interfere in the analysis.

Chloride, fluoride, nitrate, and nitrite and the inorganic reducing agent hydroxylamin
fuming to dryness in sulphuric acid.

edis
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'king
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Nitrite anions in the nitric acid supporting electrolyte are destroyed by adding amidosulphuric acid.
Elements tHat are not quantitatively removed by the anion-exchange purification and elements that
interfere in fhe quantitative electrochemical oxidation of the Pu4+/Pu3+ couple are shown in Figure 3.
H He
li | Be B|C N | O | F |Ne
Na | Mg Allsi|P cl | Ar
H|calsc|Ti|k |[cr{m[Ee]co|nif[cu[zn|ca|ael|ns|se]|sr]|k
Rb|[sSr| Y |z [Nb|[Mo|TelRu|[Rh |Pd|Ag|[Cd| In|[sSn|Sb|[Te ]| I |Xe
Gs|Ba|La|Hf |Ta | W{Re|Os|Ir |Pt|Au|Hg| T/ [Pb| Bi |Po [ At|Rn
K | Ca| Sc
Lapthanides [ Ce |<Pr-| Nd | Pm [ Sm| Eu | Gd | Tb | Dy |Ho | Er [ Tm | Yb | Lu
Actinides | F)[ Pa | U |Np| Pu[Am|Cm | Bk | Cf | Es | Fm|Md | No | Lr
The boxes for the elements Fe, Pd, Ir, Pt, Au, and Np are marked with diagonal lines in the periodic table to

indicate that these elements interfere during plutonium measurement as described in this document. Fe is
removed by the anion exchange purification described in this document. The symbols for the elements Pd, Ir,
Pt, Au, and Np, along with the elements that do not interfere: Nb, Ag, La, Ta, Tl, Ce, and Th, are shown in italics
to indicate that these elements remain with the plutonium after anion exchange purification.

20

Figure 3 — Elemental interferences in plutonium coulometry
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11 Procedure variations and optimization

11.1 Accountability measurements and reference material preparation

Controlled-potential coulometric determination of plutonium is an important analytical technique
in accountability measurements and reference material preparation. Minimizing measurement and
sampling uncertainties and providing clear traceability to the International System of Units, SI[15],
are integral components of the analytical procedure described in this document. The impacts from
sampling and measurement uncertainties are understood for safeguards and the accountability
applications, and do not require further discussion within this document. For estimating uncertainties
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Measurement cell design

ell design presefted in this document is known to be effective for plutonium coulomet
bver, other celldesigns may be more efficient or reduce the background current by:
rolyte volume; decreasing the working electrode size; increasing ratio of the area of
rode to the volume of electrolyte; and/or positioning of the auxiliary electrode more sy
respectto the working electrodel[17](18],

maller the quantity of plutonium taken for the test sample, the more significant is the

he sampling
asurements
ndependent
pling errors
jability such

clear criticality prevention, may require verification by a second plutonium measurement method

techniques
pither of the
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ction and the higher the uncertainty contribution Irom 1t. 10 reduce these uncertaint

es it may be

desirable to optimize the cell parameters to reduce the background current. It is important to note that
any new cell design shall be qualified for plutonium measurement with appropriate testing.

The cell design shown in this document uses a SCE that is separated from the test solution by an
electrolysis bridge (sintered glass tube) that is filled with the supporting electrolyte. This design should
minimize or eliminate any leakage of chloride ion from the saturated KCI solution. A few, free flowing
crystals of KCI in the reference electrode indicate that the solution is saturated, however excessive
crystal formation will impact the performance of the reference electrode.

An alternative to SCE is the silver/silver chloride (Ag/AgCl) reference electrode. Instead of SCE or
Ag/AgCl electrodes, a mercury (I) sulphate reference electrode may be used to eliminate the source
of chloride ions. The formal potential, Eg, value of the plutonium couple depends upon the reference
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electrode selected and shall be determined experimentally and the controlled potentials for plutonium
reduction and oxidation are set based on this experimentally determined value.

11.4 Electrolyte and electrode options

Other options that are considered within the existing scope of this document are:

— substituting platinum or platinum alloy for gold as the working electrode;

— usingdi

lute sulphuric acid as the supporting electrolyte;
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— using di
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their contributions to the overall measurement error are not excessive. In addition, the cor
potential adjustments shall be performed more slowly to avoid even small reversals in the polar
the electrolysiscurrent. For smaller qUantities of piutonium reversals in polarity can cause significant

shifts in the plutonium solution potential that move it close to the formal potential than desired. The
uncertainty in determining the plutonium solution potential from measuring the control potential also
increases for smaller test sample sizes.

11.6 Background current corrections

The measurement of the background current should test the full range of the electrode/electrolyte
performance for both reduction and oxidation. The criteria established for the blank measurement
should be verified during each blank measurement or at least routinely, such as at the start of the day,
before measuring test samples. Although the background criteria established for a specific cell design,
electrode material and electrolyte are expected to vary, the total accumulated background current
(blank) for a properly conditioned working electrode should be reproducible. The blank measured from
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a 5-min electrolysis should be less than 5 mC (equivalent to 12 pg Pu). The blank electrolysis current for
both reduction and oxidation should reach 30 pA in less than 1 min and a residual current of less than
10 pA in 2 min to 3 min. If these criteria are not met, then the user should investigate the effectiveness
of oxygen removal, electrode conditioning, and cell-design parameters (e.g. electrode connections,
working electrode size, electrolyte volume, stirring speed and electrode configuration). The capability
to achieve low residual current during both blank and test sample measurement is equally important
for reduction and oxidation. However, integrated current is measured during the oxidation only for
both the blank and the sample. The control-potential adjustment technique depends upon achieving
low residual current for both reduction and oxidation steps on the order of 5 pA or less. Under these
conditions, the solution potential determined from measuring the control potential at or near 0 pA is

reliable.
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If a dilute sulphuric acid supporting electrolyte is selected, the first two requirements remain the same.
However, in dilute sulphuric acid the formal potentials of plutonium and iron are sufficiently close that
their fractions electrolysed are approximately the same. Thus, iron impurity content can be subtracted
from total plutonium on an atom-for-atom basis. Formula (8) simplifies to:

9

Mpy-Fe = Mpy — MFe Arpu Arfe1

Thus, in sulphuric acid supporting electrolyte, a mathematical correction for iron is larger per
microgram of iron compared to nitric acid supporting electrolyte, but the uncertainty in this correction
is not dependent upon the fraction of iron electrolysed since the formal potentials of plutonium and
iron are similar in this acid.
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