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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. Esch 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, govern- 
mental and non-governmentai, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approvaI by the member bodies voting. 

International Standard ISO 8298 was prepared by Technical Committee ISO/TC 85, 
Nuclear energ y. 

Users should note that all International Standards undergo revision from time to time 
and that any reference made herein to any other International Standard implies its 
tatest edition, unless otherwise stated. 

0 International Organization for Standardization, 1987 8 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 8298 : 1987 (E) 

Determination of plutonium in nitric acid solutions - 
Method by Oxidation by cerium(lV), reduction by iron(ll) 
ammonium sulfate and amperometric back-titration 
with potassium dichromate 

1 Scope and fietd of application 

This International Standard specifies a precise and accurate 
analytical method for determining plutonium in nitric acid sol- 
utions. The method is afmost specifically for plutonium; it is 
suitable for the direct determination of plutonium in materials 
ranging from pure product solutions, to fast reactor fuel solu- 
tions with a uranium/plutonium ratio of up to 10 : 1, either 
before or after irradiation. 

The method recommends that the aliquot of Sample be 
weighed and that a weight titration be used in Order to obtain 
adequate precision. This does not preclude using any alter- 
native technique which tan be shown to give an equivalent per- 
formante. 

2 Principle 

2.1 Oxidation of plutonium in a 1 mol/1 nitric acid Solution to 
plutonium(Vl) with cerium(lV). At this acidity, 1 mmol of 
cerium(IV) will oxidize more than 60 mg of plutonium(lV) in less 
than 5 min. Addition of sulfamic acid to prevent nitrite-induced 
side reactions. Reduction of excess cerium(lV) by adding, drop 
by drop, a sodium arsenite solution, catalysed by Osmium 
tetroxide, a slight excess of arsenite being added. Oxidation of 
this excess by adding, drop by drop, a 0,2 mol/l potassium per- 
manganate solution until an excess of permanganate is 
present. Reduction of the excess of permanganate by adding, 
drop by drop, a 0,l mol/1 oxalic acid solution, iron(lll) being 
used to catalyse the reduction. A smafl excess of oxalic acid 
does not interfere in the subsequent plutonium determination. 

2.2 These reduction and Oxidation stages tan be followed 
amperometrically and the plutonium is left in the hexavalent 
state. Addition of sulfuric acid followed by a measured amount 
of standardized iron(ll) ammonium sulfate Solution in excess of 
that required to reduce the plutonium(VI1 to plutonium(lV). 
Amperometric back-titration of the excess iron(ll) and any 
plutonium(lll) formed to produce iron(lll) and plutonium(lV) 
using a Standard potassium dichromate solution. Regular stan- 
dardization of the iron(ll) ammonium sulfate by titration with a 
Standard potassium dichromate solution. 

2.3 Calculation of the plutonium content from the back- 
titration for the plutonium(VI) to plutonium(lV) Change, by 
reference to the Standard potassium dichromate. The latter 

shall be checked, either directly or indirectly, against an inter- 
nationally recognized plutonium reference material, using the 
same titration procedure, or against NBS potassium 
dichromate SRM 136 C. 

3 lnterferences 

3.1 On the basis of information currently available, the 
method is free from interference from up to IO mg quantities of 
commonly occurring cations, including the alkali and alkaline 
earth metals, Ai, Fe, Cr, Mn, Cu, Zn and Mo, during the titra- 
tion of 30 mg of piutonium. 

3.2 Vanadium interferes quantitatively as a one electron 
Change and neptunium as a two electron Change. Technetium 
interferes non-quantitatively and this interference is negligible. 
Quantities of up to 200 mg of sulfate, 1 mg of chloride or 2 mg 
of Phosphate do not intetfere. Quantities of up to 1 mg of 
fluoride do not interfere if 500 mg of aluminium is added to 
complex the fluoride. 

In the specific case of irradiated fast reactor fuel solutions, 
quantities of up to 200 mg of uranium and fission products, 
equivalent to a 5 % burn-up of the fuel, do not interfere (i.e 
they Cause less than a 0,l % bias). 

3.3 However, neptunium interferes quantitatively. For nep- 
tunium/plutonium ratios up to 10 mg/g, a correction tan be 
applied if the neptunium content is measured independently to 
+ 10 %. Vanadium and technetium are normally present at 
Levels weil below 0,5 % (mlm) of the plutonium in fast reactor 
fuel solutions and therefore do not interfere significantly. 

4 Reagents 

During the analysis, use only reagents of recognized analytical 
grade and distilled or deionized water. 

4.1 CeriumW) nitrate, 550 g/l solution. 

Dissolve 55 g of ammonium hexanitratocerate in nitric acid 
solution Cc( HNO,) = 1 mol/ll, dilute to 100 ml using the same 
Solution. Mix. 
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4.2 Iron(lll) nitrate/sulfamic acid, Solution. water. Transfer to the tared flask, dilute to 1 000 ml with water, 
weigh the flask plus contents to within 0,Ol g (m3), and finally 
mix weil. Calculate the concentration of potassium dichromate 
in the solution (Fl), in milliequivalents per gram of solution, 
correcting for purity and applying an air buoyancy correction to 
the mass of solid dichromate but not to the mass of solution 
(the apparent mass of the latter being used in 8.1) from the for- 
mula 

Dilute 63 ml of concentrated nitric acid (e 1,42 g/ml) to 900 ml 
with water. Dissolve 9,7 g of sulfamic acid and 1,95 g of 
iron(lll) nitrate nonahydrate in this solution and dilute to 
1 000 ml with water. Mix. 

Prepare a fresh Solution each week. 

F, = m2 

0,049 03 tm3 - ml) 
4.3 Sulfuric acid, 5,6 % (vlv) solution. 

Cautiously, with stirring, add 56 ml of concentrated sulfuric 
acid (Q 184 g/ml) to about 900 ml of cold water; mix and dilute 
to 1 000 ml with water. 

4.9.2 Potassium dichromate, dilute Solution. 

Weigh, to within 0,001 g, approximately 80 g of concentrated 
potassium dichromate solution (4.9.1) in a weighing bottle (m4) 
and transfer the bulk of the solution to a clean 2 000 ml 
volumetric flask. Reweigh the weighing bottle and any remain- 
ing contents to within 0,001 g (mg). Adjust the voiume of sol- 
ution in the flask to 2 000 ml with water and mix thoroughly. 
Calculate the dilution factor, F2, from the formula 

4.4 Osmium tetroxide, 2,5 g/l Solution. 

WARNING - Osmium tetroxide is volatile and the vapour 
attacks the eyes; it should only be handled in a fume cup- 
board or glove box. 

Add 4 ml of concentrated sulfuric acid (Q 184 g/ml) to 36 ml 
of water in a glass beaker and allow to cool. Dissolve the con- 
tents of a 0,l g ampoule of osmic acid in this solution. Store 
the reagent in a glass bottle with a glass stopper and do not use 
more than one month after preparation. 

l-5 = m4 - m5 

2000 

without applying any buoyancy corrections. 

4.9.3 Verification of the concentration 4.5 Sodium arsenite, 65 g/l solution. 

WARNING - 
poisonous. 

Handle with care as sodium arsenite is The concentration of the potassium dichromate solutions 
should be verified by comparison with an appropriate inter- 
nationally recognized plutonium reference material : either pure 
plutonium metal (for example, NBS SRM 949e or EC NRM 10) 
or pure Pu02 (EC NRM 122) may be used. The comparison 
should be made by taking at least three separate solutions of 
the selected reference material through the Standard pro- 
cedure. 

Dissoive 13 g of sodium arsenite in water and dilute to 200 mi 
with water. Mix. 

4.6 Potassium permanganate, 6,3 g/l solution. 

Dissolve 063 g of potassium permanganate in 100 ml water. 
Boil gently for 15 min, cool to room temperature and filter 
through a plug of glass wool. 

Compare the mean result with the certified plutonium content; 
the potassium dichromate concentration (Fl) is acceptable if 
the agreement is better than 0,l %. 

4.7 Oxalic acid, 12,6 g/l solution. Aiternatively, the potassium dichromate solution may be 
verified by direct comparison with NBS potassium dichromate 
SRM 136 C, by analysing a pure plutonium solution using the 
method specified in this International Standard. 

WARNING - Handle with care as oxalic acid is 
poisonous. 

Dissolve 1,26 g of oxalic acid dihydrate in water and dilute to 
100 ml with water. Mix. 5 Apparatus 

Normal laboratory equipment for a plutonium laboratory, and 4.8 Iron(ll) ammonium sdfate, ~9 g/I sofution. 

Dissolve 3,9 g of iron(ll) ammonium sulfate hexahydrate in the 
suifuric acid solution (4.3) and dilute to 100 ml using the same 
Solution. Mix. The concentration of iron(ll) in this sol- 
ution is standardized regularly (see clause 7). 

5.1 Microammeter, capable of measuring up to 50 PA with 
a sensitivity of 0,Ol PA. 

5.2 Cu rrent Source (constant potential), capable of supply- 
ing up to 50 PA at a constant potential, variable up to 500 mV. 

4.9 Potassium dichromate solutions 

5.3 Electrodes (pair), identicai gold spade electrodes, 
having a surface area of about 0,5 cm2 per side. 4.9.1 Potassium dichromate, concentrated solution. 

Weigh a clean, dry 1 000 ml volumetric fiask to within 
0,Ol g (m,). Weigh out about 2,46 g of dried potassium 
dichromate (K2Cr207) to within 0,060 1 g (m2) and dissolve it in 

5.4 Magnetit stirrer, capable 
Operation, without splashing. 

of controlled, iow Speed 
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5.5 Weighing burettes, soft-walled, polythene bottles, of Add one further drop, which will result in a sharp increase in 
20 to 100 ml capacity, with a fine jet, suitable for adding the current to about 10 PA and a stable pink colour. Wash down 
iron(ll) ammonium sulfate (4.8) and potassium dichromate the beaker Walls with 10 ml of the iron(lll) nitrate/sulfamic acid 
(4.9.1) solutions. Solution and stir for 3 min. 

5.6 Dropping bottles, giving a drop size of about 0,Ol ml, 
used for adding the arsenite, permanganate and oxalate sol- 
utions; the small drop size is of paramount importante in con- 
trolling the reactions described in 6.3 to 6.5. 

5.7 Delivery pipette, capable of delivering 0,l ml in- 
crements, to within + 1 %, of the dilute potassium dichromate 
Solution (4.9.2). 

6 Procedure 

6.1 Fill a clean, dry Sample weighing bottle with Sample sol- 
ution and weigh to within 0,000 1 g (me). Transfer a portion of 
the Sample, containing between 10 and 60 mg of plutonium 
and not more than 10 milliequivalents of free acid, to a 100 ml 
beaker and reweigh the Sample weighing bottle to within 
o,ooo 1 g (m7). 

NOTE - Any alternative method of measuring the Sample aliquot shall 
be shown to be accurate to better than 0,05 %. An air buoyancy cor- 
rection may be required if the corresponding plant measurement is on 
an absolute weight basis. 

6.2 Add 1 ml of the cerium(lV) nitrate Solution (4.1), wash 
down the Walls of the beaker with 30 ml of the iron(lll) 
nitrate/sulfamic acid Solution (4.2) and insert the gold elec- 
trodes (5.3). Stir gently for 5 min and apply a potential (usually 
200 to 300 mV) to the electrodes to give a current of 15 to 
20 PA. 

NOTE - The electrodes are inserted at this Stage as the redox cycling 
process appears to prevent passivation of the electrodes. The suc- 
cessive redox stages are followed amperometrically. 

6.3 Add 0,l ml of the Osmium tetroxide Solution (4.4). Add 
the sodium arsenite Solution (4.5), drop by drop, until the 
observed current falls to a steady reading of about 10 PA. 

Continue to add Single drops of the sodium arsenite Solution, 
waiting 10 s between each addition, until one Single drop 
results in a momentarily negative current reading. At this Stage, 
wash down the Walls of the beaker with 10 ml of the iron(lll) 
nitrate/suIfamic acid Solution. 

NOTE - A typical amperometric curve for the cerium(lV)/arsenic(lll) 
reaction is shown in figure 1. As each drop of arsenite Solution is 
added, the observed current may decrease during mixing and then 
return to a steady reading. This current falls as more arsenite is added 
and the reaction proceeds, falling more rapidly as complete reduction 
of the cerium(lV) is approached. A few seconds after the addition of 
the final drop of the arsenite Solution, the current decreases rapidly to a 
negative reading t - 3 to - 4 PA) before drifting up again to about 
+ 6 PA tsee figure lall. 

6.4 Stir gently for at least 1 min, but not more than 2 min, 
after adding the final drop of the arsenite Solution. Then im- 
mediately add the potassium permanganate Solution (4.6), drop 
by drop, until the current falls to about 2 PA [see figure 1 b)]. 

During this period, weigh the weighing burettes (5.5) filled 
with the iron(ll) ammonium sulfate Solution (4.8) (HZ*) and the 
concentrated potassium dichromate Solution (4.9.1) (mg), to 
within 0,000 1 g in each case. 

NOTE - Between O,l2 and 0,17 ml of the permanganate solution 
should be required, if the Optimum excess of arsenite has been added 
at the appropriate Stage in the procedure outlined in 6.3. 

6.5 Add the oxalic acid Solution (4.7), drop by drop, until the 
addition of one further drop Causes no further reduction in cur- 
rent [see figure lc)]. The pink permanganate colour should 
disappear. Add five drops (about 0,05 ml) in excess. Wash 
down the Walls of the beaker with 10 ml of sulfuric acid Solution 
(4.3). 

6.6 Add sufficient iron(ll) ammonium sulfate Solution from a 
weighing burette to reduce the plutonium(Vl) and leave a 
suitable excess for the titration. Wash down the beaker Walls 
with 5 to 10 ml of sulfuric acid Solution. 

NOTE - 1 g of iron(ll) ammonium sulfate Solution will reduce ap- 
proximately 10 mg of plutonium(Vl); 0,5 to 1 g of the iron(ll) am- 
monium sulfate Solution is a suitable excess for titration. A pale blue 
colour, due to plutonium(lll), is visible when a suitable excess of iron( II) 
has been added, provided that other coloured ions are absent. 

6.7 Stir gently for 3 to 5 min. Ensure that the microammeter 
(5.1) is showing a steady current of 10 to 20 PA. 

NOTE - A 
been added 

rapidly falling current indicates that insuff icient iron(ll) has 

6.8 Add the concentrated potassium dichromate solution 
from the weighing burette until just before the end Point, i.e. 
until the current reading is about 5 PA. Wash down the Walls of 
the beaker with sulfuric acid solution. 

NOTE - Figure 2 Shows a typical titration curve. Initially, the decrease 
in current per drop of titrant is very small, but approach to the end 
Point is indicated by progressively larger decreases in current. 

6.9 Continue the titration by adding 100 pl increments of the 
dilute potassium dichromate Solution (4.9.2) from a delivery 
pipette. After each addition, record the current reading; con- 
tinue the titration until at least two current readings after the 
end Point (indicated by a steady, low current) have been 
recorded. 

NOTES 

1 Sufficient concentrated potassium dichromate Solution should be 
added in the first part of the titration so that between two and ten 
100 pl increments of the dilute potassium dichromate solution are 
needed to resch the end Point. 

2 If the titration end Point is accidentally overshot, a few more drops 
of the 0,l mol/1 iron(ll) ammonium sulfate Solution tan be added, 
allowing the end Point to be approached a second time. 

3 
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6.10 Locate the exact end Point from a graph of current 
versus number of 100 pl increments of the dilute potassium 
dichromate solution. The end Point is the number of in- 
crements (n,) at the Point of intersection shown in figure 2. 

6.11 Reweigh the weighing burettes containing the iron(ll) 
ammonium sulfate Solution (mIO) and the potassium 
dichromate Solution (m,,), to within 0,000 1 g in each case. 

7 Standardkation of the iron(ll) ammonium 
sulfate Solution 

NOTE - The iron(ll) ammonium sulfate Solution should be standard- 
ized at least once a day and the factor recorded on a control Chart. 

7.1 Add 0,5 ml of the cerium( IV) nitrate Solution to a 100 ml 
beaker and wash down the beaker Walls with 30 ml of the 
iron(lll) nitratelsulfamic acid Solution. Insert the electrodes, stir 
gently for 5 min and apply a potential to the electrodes to give a 
current of 15 to 20 pA. 

7.2 Follow the basic procedure as outlined in 6.3 to 6.5, 
recording the masses of the burettes containing the iron(ll) am- 
monium sulfate Solution (q$ and the concentrated potassium 
dichromate Solution (IB,+. 

7.3 Add about 5 g of the iron(ll) ammonium sulfate Solution 
from a weighing burette. Wash down the beaker wa,lls with 5 to 
10 ml of the sulfuric acid solution. 

7.4 Follow the basic procedure as outlined in 6.7 to 6.11, 
recording the final masses of the burettes containing the iron(ll) 
ammonium sulfate solution (m14) and the potassium 
dichromate Solution (q,), and the number of increments at the 
end Point (n$. 

8 Expression of results 

8.1 Method of calculation 

8.1.1 Calculate the standardization factor for the iron(ll) am- 
monium sulfate Solution, & from the formula 

F3 =. 
0,l n2 F2 + (q3 - q5) 

T2 - T4 
, 
i 

F2 is the potassium dichromate dilution factor (see 4.9.2); 

n2 is the number of increments at the end Point (see 7.4); 

T3 - mt5 and m12 - m14 are, respectively, the masses 
of the potassium dichromate Solution and the iron(ll) am- 
monium sulfate Solution, determined in the standardization 
titration of the iron(ll) ammonium sulfate Solution (see 7.2 
and 7.4). 

8.1.2 Calculate the plutonium content, PI, of the Sample solu- 
tion expressed in milligrams of plutonium per gram of Sample 
solution, from the formula 

P, = 
Fl A, {F3 (rns - mlO) - [OJ q F2 + (mg - mll)l) 

2 b776 - m7) 

4 is the potassium dichromate concentration (see 4.9.1); 

is the relative atomic mass of the plutonium (see 8.1.3); 

F3 is the standardization factor for the iron(ll) ammonium 
sulfate Solution (see 8.1.1); 

mE3 - m10 and mg - mll are, respectively, the masses of 
the iron(ll) ammonium sulfate Solution and the potassium 
dichromate Solution, determined in the Sample titration (see 
6.4 and 6.11); 

? is the number of increments at the Sample end Point 
(sec 6.10); 

is the potassium dichromate dilution factor (see 4.9.2); 

m6 - m7 is the mass of the Sample, expressed in grams 
(sec 6.1). 

8.1.3 Calculate the relative atomic mass 
in the Sample material f rom the formula 

of the plutonium, A,, 

m239 m240 - 
+ 239,052 + 

-----+ 
240,054 

m241 m242 +----- - 
241,057 + 242,059 + 

where rn2%, m2%, etc. are the mass fractions of the plutonium 
isotopes 2BPu, 239Pu, etc., determined by mass spectrometry 
in the plutonium Sample. 

82 . Correction for neptunium 

Calculate 
formula 

the corrected plutonium concentration, Pu, from the 

/ 237 
Pu = P, 1 - N- 

239 > 

PI is calculated in accordance with 8.1.2; 

N is the molar ratio of neptunium to plutonium in the 
Sample which shall be measured or calculated with an ac- 
curacy of & 10 %. 
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8.3 Repeatability 9 Test report 

The coefficient of Variation for a Single determination is better 
than 0,l % when the method is applied to a pure plutonium 
solution. A slight deterioration in Performance shall be ex- 
pected when the method is used in a remote-handling facility 
with highly radioactive solutions. 

The test report shall include the following information : 

a) identification of the Sample; 

b) the reference of the method used; 

8.4 Bias 

The bias of the method is less than 0,l % when applied to pure 
plutonium solutions and less than 0,3 % when applied to 
irradiated fuel solutions. 

c) the results and method of expression used; 

d) any unusual features noted during the test; 

e) any operations not included in this International Stan- 
dard or regarded as optional. 
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