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ABSTRACT 

A scheme for the analysis of plutonium containing nuclear fuels 
and their components is presented and detailed procedures are given. 

KEYWORDS 

CHEMICAL ANALYSIS 
PLUTONIUM 

fl ^ ^ 



PART A GENERAL REMARKS 

1. Introduction 

2. Scheme of analysis and survey of methods 

3· Dissolution of samples 

k. Emission spectrographic analysis 

5· References 



ACKNOWLEDGEMENT 

The authors wish to thank all those who collaborated in the 

development of the described methods and more particularly 

Messrs W.J. Bartscher, Β. Chavane de Dalmassy an W. Hecq. 



1. INTRODUCTION (*) 

In the present report a number of chemical methods for the analysis 
of non-irradiated nuclear fuels and their components is given. The 
components involved are plutonium, uranium, plutonium- and uranium 
oxide,.- carbide and - nitride, whereas the fuels dealt with are 
plutonium-uranium alloys, plutonium- uranium oxides, - carbides 
and- nitrides. 

The methods given are applied in our Institute on a routine basis. 
The large numbers of results obtained in the period 1965-1969 
make it possible to judge well their precision, accuracy, limit 
of detection and sensitivity to interferences. 

The determination of gases will not be dealt with: this subject 
will be discussed in a separate paper. 

2. SCHEME OF ANALYSIS', SURVEY OF METHODS 

A scheme for the analysis of the fuels and their components 
is given in fig. 1, where the sample preparations and the pro
perties to be determined are indicated. A survey of methods to 
determine these properties starting from prepared samples, is 
given in table 1. Detailed procedures are given in part B of this 
report. 

In table 1 the precision is given as the standard deviation of a 
single determination for the scope mentioned. When the standard 
deviation cannot be used as a measure for the precision as e.g. 
in the emission spectrographic analysis, the coefficient of 
variation is used. This is indicated in the column "precision". 
It should be noted that the indicated standard deviations apply 
to the samples described in the scope, i.e. in the case of the 
plutonium determination the standard deviation of O^OJO mg is 
found when plutonium is determined in an aqueous solution. This 

(*)Manuscript received on 14 April 1969· 



value is not valid any more when plutonium is determined in ..g. 
a mixed plutonium-uranium oxide pellet. The pellet must be 
dissolved which contributes also to the precision of the final 
result. This is shown clearly by an analysis of variance of a 
large number of results of plutonium and uranium determinations 
in mixed oxides (15# - 85%)· In this analysis the following values 
for the standard deviations and coefficients of variation were 
found (table 2). 

s o u r c e of 
v a r i a t i o n 

a n a l y s i s 
a n a l y s i s + 
d i s s o l u t i o n 

P3 
"öt. d e v . 
i n mg 

O.O5O 

O.O92 

T a b l e 2 

.utonium 
st .dev 
i n %Pu 

0 . 0 1 5 

0 . 0 4 6 

c o e f f . 
o f c v a r . 

0 . 1 1 % 

0 . 3 5 

uran ium 
«st .dev 
i n mg 

O.O58 

0 . 1 5 

. | s t . d e v . 
I i n %Pu 

i 
10.058 
I 0 .15 

coeff. 
of v a r . 

O.08 

0.20 

It follows from table 2 that under the conditions of the 
determinations the coefficient of variation of a single determi
nation of the uranium to plutonium ratio is 0.4%. The standard 
deviations given in table 1 include the contributions of blanks, 

The limit of detection is defined as 3*29 times the standard 
deviation (5·1·) 

Some of the methods are dependent methods, i.e. the accuracy of 
the results depends upon the accuracy of the method used for 
calibration. An example is the spectrophotometric determination 
of traces of plutonium, where the accuracy depends upon the 
accuracy of the method used to determine the purity of the 
sample used for calibration. For these dependent methods the way 
of calibration is indicated in the column "accuracy". For the 
other - independent - methods agreement between the results 
obtained and those found with another independent method is 
indicated in this column. 



In the next columns the standardization, the interferences and 
the applications are listed. The numbers indicated in the column 
"procedure" refer to part Β of this report. 

3. DISSOLUTION OF SAMPLES 

Metals, alloys and nitrides are rapidly dissolved in a mixture 
of nitric acid and hydrofluoric acid. High-fired plutonium oxide 
and plutonium-uranium oxides in the form of incomplete solid 
solutions are very difficult to dissolve in this solvent. To 
overcome this difficulty we adopted a fusion method : the sample 
is fused with a mixture of potassium pyrosulphate and sodium 
pyrosulphate ( 1 + 4 ) and the melt is dissolved in nitric acid. 
The whole operation takes about 30 min. In this method the use 
of nitric acid is indispensable to dissolve the melt. Therefore, 
the method cannot be used in cases where nitrate interferes with 
the subsequent plutonium and/or uranium determination as e.g. in 
the coulometric determination of plutonium and uranium. For these 
cases another dissolution method was developped: the sample is 
boiled with sulphuric acid, nitric acid and ammonium sulphate 
and finally heated to fuming to eliminate quantitatively nitrate 
and to complete dissolution. The solution obtained is diluted 
with water. The preparation of such a solution takes about 40 min. 

When carbides are dissolved in nitric or sulphuric acid the solution 
obtained may contain free carbon and organic compounds formed in 
the decomposition of the carbide. These compounds may interfere 
with the cerimetric plutonium determination and with the coulometric 
method. It was, therefore, decided to eliminate carbon quantitatively 
from the sample by calcination prior to dissolution. Since this 
calcination has to be carried out at a relatively high temperature 
it is preferable to apply either the fusion method or the disso
lution in sulphuric acid, nitric acid and ammonium sulphate to 
dissolve the oxide obtained. 
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k. EMISSION SPECTROGRAPHIC ANALYSIS 

For the determination of trace impurities the carrier distillation 
method (5«2.) was adopted. Cobalt oxide is used as an internal 
standard. Prior to analysis samples to be analysed are converted 
into plutonium oxide, triuranium octoxide or a mixture of these. 
In order to account for matrix influences calibration graphs were 
drawn up using the following different types of standards : 

a) triuranium octoxide samples no 95 (1-7)ι obtained from the 
National Bureau of Standards, Washington, U.S.A. Calibration 
graphs prepared with these samples are used in the analysis of 
pure uranium oxide samples and uranium oxides containing small 
amounts of plutonium; 

b) plutonium oxide samples, prepared by repeated anion exchange 
of a solution of plutonium nitrate in 7 M nitric acid, followed 
by repeated precipitation as plutonium oxalate, calcination and 
addition of known amounts of the trace impurities. Calibration 
graphs prepared with these samples are used in the analysis of 
plutonium oxide; 

c) a mixture of 85 parts of the samples mentioned under a) and 
15 parts of the samples mentioned under b). These calibration 
graphs are used in the analysis of plutonium-uranium oxides 
containing 10 to 20% plutonium. 
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PART Β PROCEDURES 

1. BASIC INSTRUCTIONS 

1.1. Cerimetric determination of plutonium with constant current 
Potentiometrie detection of the end point 

1.2. Spectrophotometric determination of plutonium 

1.3« Oxidimetric determination of uranium 

1.4. Controlled potential coulometric determination of plutonium 
and uranium 

1.5. Standardization of cerium (IV) sulphate solution 

2· THE DETERMINATION OF PLUTONIUM AND URANIUM IN FUELS AND 
THEIR COMPONENTS. PROCEDURES FOR DISSOLUTION AND FUSION 
OF SAMPLES 

2.1. Determination of plutonium and/or uranium in plutonium 
metal, uranium metal, plutonium-uranium alloys, plutonium 
nitride, plutonium-uranium nitrides and plutonium-uranium 
oxides 

2.2. Determination of plutonium and/or uranium in plutonium 
oxide and plutonium-uranium oxides 

2.3· Determination of plutonium and/or uranium in plutonium 
carbide, uranium carbide and plutonium-uranium carbides 

2.4. Determination of uranium in uranium nitride and uranium 
oxide 
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3. PROCEDURES FOR THE DIRECT ANALYSIS OF FUELS AND THEIR 
COMPONENTS 

3·1. Determination of carbon in plutonium metal, uranium metal, 
plutonium-uranium alloys, plutonium oxide, uranium oxide, 
plutonium-uranium oxides, plutonium carbide, uranium carbide, 
plutonium-uranium carbides, plutonium nitride, uranium 
nitride and plutonium-uranium nitrides 

3.2. Gravimetric determination of the oxygen to metal ratio in 
plutonium oxide, uranium oxide and plutonium-uranium oxides 

3·3· Coulometric determination of the oxygen to metal ratio in 
uranium oxide 

3.4. Coulometric determination of traces of water in plutonium 
oxide, uranium oxide and plutonium-uranium oxides 

3·5· Emission spectrographic determination of traces of metals 
in plutonium metal, uranium metal, plutonium-uranium alloys, 
plutonium nitride, uranium nitride, plutonium-uranium 
nitrides, plutonium carbide, uranium carbide, plutonium-
uranium carbides, plutonium oxide, uranium oxide and 
plutonium-uranium oxides. 
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BASIC INSTRUCTIONS 

Cerimetric determination of plutonium with constant current 
Potentiometrie detection of the end point 

Scope 

The method is applicable to the determination of from 1 to 
50 mg of plutonium in at mo.ximum 50 ml of aqueous solution 
which is at least 1 N in nitric acid or sulphuric acid. 
Chloride, bromide, iodide and thiocyanate interfere and 
must be removed previously. Chromium, manganese, cerium, 
vanadium and tungsten interfere. Uranium does not interfere. 

1.1.2. Principle 

Plutonium is oxidized to plutonium (VI) by means of silver (II) 
oxide and subsequently reduced by a known amount of iron (II) 
after destruction of the excess of silver (II). The excess 
of iron (II) is titrated with a cerium (IV) sulphate solution, 
the end-point being detected by constant current potentiometry. 

1.1.3· Apparatus 

a) 1 double platinum electrode 
b) 1 apparatus to maintain a costant current of 3 - 5/uA 

between the platinum electrodes. It is advantageous to use 
a piston burette connected to a mV recorder. A much simpler 
apparatus can be constructed according to fig. 2. 

9 V j 

rr.V 

1' 1 : 

c) 1 100-ml beaker 
d) 10-ml measuring pipette 
e) 1 20-ml pipette 
f) 1 50-ml burette or a piston burette 
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1.1.4. Reagents 

a) Nitric acid, 2 M. : dilute 50 ml of concentrated nitric 

acid (d=1.40) with water to 350 ml. 

b) Silver (II) oxide : dissolve 72 g of sodium hydroxide in 

1000 ml of water at about 85° C. Add 75 g of potassium per

sulphate and 51 g of silver nitrate previously dissolved in 

15 to 20 ml of water. The temperature of the solution in

creases to about 90° C. Stir carefully for 15 minutes. 

A black precipitate of silver (II) oxide is then formed. 

Filter over a buchner funnel. Wash the precipitate with a 

very dilute solution of sodium hydroxide in order to 

eliminate sulphate ions. Dry i .i air. 

c) Sulphamic acid solution : dissolve 9«7 g of sulphamic acid 

in water and dilute to 100 ml. 

d) Aluminium nitrate solution : dissolve 37·5 g of aluminium 

nitrate nanohydrate in water and dilute with water to 1 1. 

e) Iron (II) sulphate solution : dissolve 14 g of iron (II) 

sulphate heptahydrate in water, add 27 ml of concentrated 

sulphuric acid and dilute with water to 2 1. 

f) Cerium (IV) sulphate solution, 0.01 (t) N: add 270 ml of 

concentrated sulphuric acid to 4θ.4 g of cerium (IV) sulphate 

tetrahydrate. Add water carefully and dissolve the salt. 

Dilute with water to *0 1. Standardize the solution according 

to procedure 1.5· and store it in a colourless glass bottle. 

1.1.5·
 s

S
m
Eà2 

At maximum 50 ml of an aqueous solution of plutonium nitrate 

or sulphate which is at least 1 Ν in nitric acid or sulphuric 

acid and contains 1 to 50 mg of plutonium. 

1.1.6. Procedure 

Transfer the sample into a 100ml beaker. Add 5 ml of 2 M 

nitric acid and then 100 mg of silver (II) oxide. Swirl the 

solution from time to time for 15 minutes and heat to 
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boiling. Keep the solution at a temperature near the 

boiling point for 5 minutes and then cool. Add 1 ml of 

sulphamic acid solution (see 1.1.8.1.) and 2 ml of 

aluminium nitrate solution (see 1.1.8.2.). Next, add by 

pipette 20 ml of iron (II) sulphate solution. After 5 minutes 

insert the electrode into the solution and titrate the excess 

of iron (II) with 0.01 (t)N cerium (IV) sulphate solution, 

maintaining a constant current of 3/uA between the electrodes. 

Record the potential as a function of the amount of cerium 

(IV) solution added. Determine the equivalence point from 

the titration curve (v ml consumed). Carry out a blanc on 

20 ml of the iron (II) sulphate solution (v„ ml consumed). 

1.1.7· Calculation 

The sample contains 

A = (vp  v„) t χ EW mg of plutonium 

where EW = equivalent weight of plutonium (see 1.1.8.3«)« 

Report the result to the nearest 0.01 mg 

'¡.ι.δ. Remarks 

1.1.8.1. Sulphamic acid is added to avoid oxidation of iron (II) by 

nitrous acid. 

1.1.8.2. Aluminium nitrate is added in order to mask fluoride. In the 

absence of fluoride this addition can be omitted. 

1.1.8.3· The equivalent weight varies with isotopie composition. For 

240 239 

χ % of plutonium and (100  x ) % of plutonium the 

equivalent weight is equal to 

240.05 χ + (100  x) 23905 

200 
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1.2. Spectrophotometr ic de terminat ion of plutonium 

1 . 2 . 1 . Scope 

The method is applicable to the determination of from 0.02 
to 7 mg of plutonium in at maximum 40 ml of aqueous solution, 
1.6 mmoles of phosphate, 5 mmoles of sulphate, 2 mmoles of 
fluoride, 1000 mg of uranium, 350 mg of cerium, 5 mg of 
manganese and at least 15 mg of thorium, aluminium, cobalt, 
chromium, iron, molybdenum, nickel, vanadium and zirconium 
do not interfere. Chloride, bromide and iodide interfere 
(see 1.2.9.1.) 

1.2.2. Principle 

Plutonium is oxidized to the hexavalent state in 4 M nitric 
acid with silver (II) oxide and its absorbance is measured 
at 831 nm. 

'1.2.3· Apparatus 

a) A recording spectrophotometer provided with scale expansion, 
readible slit width and 10 cm-cells, e.g. Beckman DK-2A 

b) 1 100-ml beaker 

c) 1 50-ml volumetric flask. 

1.2.4. Reagents 

a) Nitric acid, 14 M 

b) Silver (II) oxide, prepared according to procedure 1.1. 
sect. 1.1.4. b. 

1.2.5. £s2!P.le 

At maximum 40 ml of an aqueous plutonium solution. 
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1.2.6. Procedure 

Transfer the sample to
 a

 100ml beaker and make the solution 

4 M in nitric acid, either by addition of 14 M nitric acid 

or by dilution, taking care that the final volume does not 

exceed 40 ml. Add under stirring so much silver (II) oxide 

that a black colour persists for 5 min. After 5 min heat 

slowly to near boiling until the colour has disappeared. 

Cool, tranfer to a 50ml volumetric flask, and make up to 

volume with 4 M nitric acid. Record the absorption spectrum 

of this solution from 750 to 900 nm in a 10 cm cell against 

4 M nitric acid as a blank. Read the slit width at the 

moment at which the recorder indicates the maximum of the 

absorption peak. Construct the base line on the recorded 

spectrum and measure the difference in absorbance between 

the peak maximum and the corresponding background. In the 

case that scale expansion is used, convert the transmission 

values measured into absorbance values before making the 

background correction. From the plutonium absorbance thus 

determined and the measured slit width determine the 

plutonium quantity with the aid of an equation, relating 

absorbance to plutonium concentration and slit width. 

(A mg of plutonium found). 

1.2.7· Calculation 

A ' 
The samóle contains: g/1 

ν 
where ν - volume of the sample 

Report the results to the nearest —* g/l for amounts 

°5 /, Λ * 4.V,
 V

 i. 0.0045 A' .. 
smaller tnan — — g/l and to the nearest — — — — — σ/ι 

V
 0T5 7

 V 

for amounts from to — g/l. 
ν v

D 

1.2.8. Calibration equation 

Dissolve about 200 (p) mg of plutonium metal of guaranteed 

purity (e.g. sample 949 b of the National Bureau of 

Standards, Washington D.C.  USA) in about '¡0 M nitric acid 

and dilute with nitric acid to 1 1 so as to obtain a final 
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solution which is 4 M in nitric acid. This solution contains 
ρ mg of plutonium per 1. Pipette 5. 10, 15, 20, 25, 30 and 
35 ml of this solution in 100-ml beakers and follow the 
procedure described above. Measure the absorbances of these 
solutions at different slit widths. Calculate the equation 
relating the absorbance to plutonium concentration and slit 
width according to the method of the least squares. 

'I .2.9· Remarks 

1.2.9·'l· When chloride, bromide or iodide are present, the precipitate 
left after the destruction of excess silver (II) must be 
eliminated by centrifuging. 
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1.3· Oxidimetric determination of uranium 

1.3.1. Scope 

The method is applicable to the determination of from 2 to 300 mg 
of uranium in at maximum 15 ml of aqueous solution that 
contains no more than 50 mmolsof nitrate and 1 mg of molybdenum. 
Plutonium and iron do not interfere. 

1.3.2. Principle 

Uranium (VI) is reduced to uranium (IV) in a concentrated 
phosphoric acid solution containing sulphamic acid by an 
excess of iron (II) sulphate. The excess of iron (II) is 
subsequently oxidized by nitric acid in the presence of 
molybdenum (VI) as a catalyst and uranium (IV) is titrated 
with standard potassium dichromate solution using barium 
diphenylamine sulphonate as an indicator. 

1.3·3· Apparatus 

a) 1 750-ml conical flask 

b) 1 5-ml pipette 

c) 2 50-ml measuring cylinders 

d) 2,5-ml measuring pipettes 

e) 1 200-ml measuring cylinder 

f) 1 50-ml burette 

g) 2 2-ml pipettes 

h) 1 1-ml pipette 
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1.3·4. Reagents 

a) Sulphamic acid solution: dissolve 150 g of sulphamic acid 

in water and dilute with water to 1 1. 

b) Phosphoric acid, concentrated, spec. grav. 1.75· 

c) Iron (II) sulphate solution, 1 M: add carefully under 

coniant shaking 100 ml of concentrated sulphuric acid to 750 

ml of water. Add 28θ g of iron (II) sulphate heptahydrate to 

the hot solution and shake until dissolution is complete. 

Dilute with water to 1 1. 

d) Nitric acidsulphamic acid mixture: dilute 250 ml of 

concentrated nitric acid to 930 ml with water. Shake and add 

70 ml of 1·5 M sulphamic acid solution. 

e) Ammonium molybdate solution, 1 %: dissolve 10 g of 

ammonium heptamolybdate ( (NH,)/ Mo 0 , . 4H„0) in about 

250 ml of hot water. Cool, dilute with water to 1 1 and mix. 

f) Sulphuric acid, 9 M: carefully add concentrated sulphuric 

acid to an equal volume of water, cool and mix. 

g) Barium diphenylamine sulphonate solution, 0·θ4 %: 

dissolve 0.2 g of barium diphenylamine sulphonate in boiling 

water, cool,dilute with water to 500 ml and mix. 

h) Potassium dichromate solution, 0.05 (t) N: weigh out to 

the nearest 0.1 mg 5 (p)gof potassium dichromate and dilute 

with water to 2 1. The titre of the solution is t = u*.¿, 

i) Iron (II) ammonium sulphate solution, 0.01 M: dissolve 

3.95 g of iron (II) ammonium sulphate hexahydrate in water 

and dilute to 1 1. 

j) Nitric acid, 10 M: dilute 100 ml of concentrated nitric 

acid with water to 140 ml. 

•3·5· Sample 

At maximum 15 ml of an aqueous solution containing from 2 to 

3OO mg of uranium and no more than 50 mmoles of nitrate. 
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1.3·6. Procedure 

Transfer the sample to a 750-ml conical flask and add 5 ml 
of 10 M nitric acid and 5 ml of sulphamic acid solution. 
Swirl and add 4θ ml of concentrated phosphoric acid. Swirl 
and add by pipette 5 ml of 1 M iron (II) sulphate solution. 
Take care that not any drop of this solution remains on the 
wall of the flask. Swirl and add 5 ml of the nitric acid-
sulphamic acid mixture. Swirl again and add 2 ml of ammonium 
molybdate solution. Shake and wait until the brown colour 
has disappeared. 5 minutes later add 2.3 ml of 9 M sulphuric 
acid and 200 ml of water. Mix well and add 2 ml of barium 
diphenylamine sulphonate solution. Titrate with 0.05 (t) Ν 
potassium dichromate solution until an intense violet colour 
persists. Add 1 ml of 0.01 M iron (II) ammonium sulphate 
solution, so that the solution becomes clear green again. 
Continue the titration until an intense violet persists for 
1 minute (v ml consumed). Carry out a blanc in the same 
way but now take 15 ml of water instead of sample (v0 ml 
consumed). 

·3·7· Calculation 

The sample contains 

Β = (v.. - v_) . EWjT mg of uranium 

where^EW = equivalent weight of uranium (see 1.3.8.3·) 
Report the results to the nearest 0.02 mg. 

·3·8· Remarks 

·3·8· · After the addition of 200 ml of water the determination 
should be finished within 10 minutes. 

.3*8.2. When plutonium is present a precipitate may occur after 
addition of phosphoric acid. This will redissolve during the 
next operations. 
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1.3·8·3· The equivalent weight varies with isotopie composition. For 
235 238 

χ % of uranium and (IOO - x)% of uranium the equivalent 
weight is equal to 

235.04 χ + (100 - x) 238,05 
200 
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1.4. Controlled potential coulometric determination of plutonium 
and uranium 

1.4.1. ScojDe 

The method is applicable to the determination of from 0.2 to 
25 mg of plutonium (IV) and of from 0.7 to 45 mg of uranium 
(VI) in at maximum 10 ml of aqueous solution, which does not 
contain nitrate and chloride. Titanium (IV), iron (ill), 
tungsten (VI), molybdenum (VI), vanadium (V), bismuth (III) 
and copper (II) interfere (see 1.4.8.). 

1.4.2. Principle 

After a pre-electrolysis of 0.5 M sulphuric acid on a 
mercury pool electrode at + 0. "i V vs silver-silver chloride 
electrode the sample is added to the cell and plutonium (IV) 
is reduced to the ter valent state. Next, the potential is 
lowered to - 0.35 V and uranium (VI) is reduced to uranium (IV). 

1.4.3· Apparatus 

a) 1 controlled potential coulometer with electronic 
potentiostat and electronic integrator, provided with a 
digital voltmeter. 

b) 1 electrolysis cell with a mercury pool electrode,platinum 
wire ]jelix and silver-silver chloride electrode according to 
fig. 3 
c) 2 10-ml measuring cylinders. 

d) 1 10-ml pipette. 

1.4.4. Reagents 

a) Mercury, distilled twice 
b) Sulphuric acid, 0.5 M: dilute 25 ml of concentrated 
sulphuric acid with water to 900 ml 

c) Sulphamic acid, solid 

d) Nitrogen, oxygen-free 
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1.4.5· Sample 

At maximum 10 ml of a nitrate-and chloride-free aqueous 
solution containing of from 0.2 to 25 mg of plutonium in the 
tetravalent state and of from 0-7 to 45 mg of uranium in the 
hexavalent state. 

1.4.6. Procedure 

Transfer to the electrolysis cell 5 ml of mercury, 5 ml of 
0.5 M sulpnuric acid and 200 mg of sulphamic acid. Pass a 
stream of nitrogen through the solution and electrolyse at 
+ 0.·1 V vs silver-silver chloride electrode until the current 
has dropped to 30 uA. Pass the stream of nitrogen over the 
solution, add the sample and electrolyse until the residual 
current has become constant. Measure the quantity of 
electricity in coulomb which has flown since the addition 
of the sample (Q ), the residual current (i1 Amps) and the 
corresponding electrolysis time (t1 sec). Set the potential 
at - 0.35 V and electrolyse as before. Record the quantity 
of electricity flown (Q„) , the residual current (i2 Amps) 
and the electrolysis time (t~ sec). Carry out a blank with 
all reagents used, including those used in the sample pre
paration, and follow the sample preparation procedure and 
the procedure described above. Record the quantities of 
electricity flown (Q ' and Q£ respectively), the residual 
currents (i ' and i ' respectively) and the electrolysis 
times (t ' and t ' respectively). 

1.4.7. Calculât ion 

The sample contains : 

A " = í((*1 l W - {% -J\ Hi j EWPumgof 
96.5 plutonium 

B ' = X(Q2 - i2t2) - ( Q¿ -i 2 t2 )ƒ EWy mg of 
Q-. uranium 
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where EWp and EW.. are the atomic weights of plutonium and 
uranium respectively. 
Report the result to the nearest 0.002 mg for plutonium and 
to the nearest 0.01 mg for uranium. 

1.4.8. Remarks 

1.4.8.1. The effect of the quantities of interfering elements normally 
present in plutonium - and uranium compounds may be 
neglected. 

1.4.8.2. The interferences of iron (III), and vanadium (V) with the 
plutonium determination and of bismuth (III) and copper (II) 
with the uranium determination can be corrected for if the 
exact amounts of these elements in the sample are known. 
The elements are reduced quantitatively under the conditions 
of the determination. 

1.4.8.3· If the sample contains plutonium in other valency states 
than 4 it must be treated with hydroxylamine hydrogensul-
phate and sodium nitrite as described in procedure 2.2. 
section 2.2.6.2. 
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1.5. Standardization of cerium (IV) sulphate solution 

1.5.1. Scope 

The method is applicable to the standardization of 0 .1 or 
0.01 N cerium (IV) sulphate solution. 

1.5.2. Principle 

A known amount of arsenic (ill) oxide is dissolved and 
titrated with the cerium (IV) sulphate solution to be 
standardized, using iron (II) 1 · ¡O-phenanthroline as an 
indicator. Osmium (VIII) oxide is used to catalyse the 
oxidation of arsenic (III) by cerium (IV). 

1 · 5 · 3 · Apparatus 

a) 1 400-ml beaker 

b) 1 50-ml measuring cylinder 

c) 1 10-ml pipette 

d) 1 100-ml volumetric flask 

e) 1 25-ml measuring cylinder 

f) 1 250-ml conical flask 

g) 1 50-ml burette 

h) 1 1000-ml volumetric flask 

i) 1 '¡-ml measuring pipette 

1.5-4. Reagents 

a) Cerium (IV) sulphate solution, 0.1 or 0.01 (t) N : 
add 27 ml of concentrated sulphuric acid in the case of 
0.1 N solution or 270 ml in the case of O.O'i N solution to 
40.4 g of cerium (IV) sulphate tetrahydrate. Add carefully 
water and dissolve the salt. Dilute with water to ', 1 
(0-1 N solution) or 10 1 (0·0ΐ N solution). 
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b) Iron (II) 1 .10-phenanthroline indicator : dissolve 294 mg 
of iron (II) ammonium sulphate hexahydrate (NH,)? Fe(SO,) . 
6H„0 in water and dilute to about 80 ml. Next, dissolve 
in this solution 394 mg of 1 .10-phenanthroline 
monohydrate (C.,2 HgN2 . Η£0) or 65O mg of 1 .10-phenanthro
line hydrochloride. Make up with water to 300 ml. 

c) Arsenic (III) oxide, previously dried at 110°C and 
stocked over pure concentrated sulphuric acid. 

d) Sulphuric acid, 3.7 M: add 25 ml of concentrated 
sulphuric acid to 'lOO ml of water and cool. 

e) Sodium hydroxide solution, 1 M: dissolve 40 g of sodium 
hydroxide in water and dilute with water to 1 1. 

f) Osmium (VIII) oxide solution, C.04 M: dissolve 100 mg of 
osmium (VIII) oxide in 10 ml of 1 M sodium hydroxide solution. 
Store in the darkness. The solution can be kept unchanged 
for 1-2 months. 

•5'5· Procedure 

Weigh out to the nearest 0.1 mg 1000 (ρ) mg of arsenic (III) 
oxide and transfer with as little water as possible to a 
400-ml beaker. Add 50 ml of 1 M sodium hydroxide solution, 
swirl and heat - if necessary - until the arsenic (III) 
oxide has completely dissolved. 
In the case of the standardization of C.01 Ν Cerium (IV) 
sulphate solution, transfer to a 1000-ral volumetric flask 
and make up to volume with water (solution A). In the erse 
of the standardization of C . '. Ν cerium (IV) sulphate solution, 
transfer to a ,00 ml volumetric flask and make up to volume 
with water (solution B). Add 25 ml of sulphuric acid to 10 ml 
of either solution A or solution B, previously pipetted into 
a 25O ml conical flask. Dilute with water to 100 ml, add 5 
drops of osmium (VIII) oxide solution and 0.5 ml of iron (II) 
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1 ,10-phenanthroline solution. Titrate with 0.1 or 0.01 (t) 
N cerium (IV) sulphate solution until the colour disappears 
(ν ml consumed). In the same way carry out a blank taking 
50 ml of sodium hydroxide solution instead of the arsenic 
solution (v_ ml consumed). 

·5·6. Calculation 

The exact titre of the solution is: 

f o r 0 ' 1 N t = 494.6 (v\ - v2) 

f o r 0 - 0 1 N t - 4946 (γ* - v2) 

Report the result to the nearest 0.0001 for 0.1 Ν solutions 
and to the nearest 0.00001 for 0.0, Ν solutions. 
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2. THE DETERMINATION OF PLUTONIUM AND URANIUM IN FUELS AND 
THEIR COMPONENTS. PROCEDURES FOR DISSOLUTION AND FUSION 
OF SAMPLES 

2.1. Determination of plutonium and/or uranium in plutonium metal, 
uranium metal, plutonium-uranium alloys, plutonium nitride, 
plutonium-uranium nitrides and plutonium-uranium oxides 

2.1.1. Scope 

The method is applicable to the determination of from 0.005 % 
to 100 % plutonium and/or of from 4 % to 100 % uranium in 
plutonium metal, uranium metal, plutonium-uranium alloys, 
plutonium nitride and plutonium-uranium nitrides and of from 
0. 005 % to 1 % plutonium and/or of from 4 % to 100 % uranium 

in plutonium-uranium oxides. 

¿ . I . c. Principle 

The sample is dissolved in a mixture of nitric acid and 

hydrofluoric acid. After dilution plutonium and/or uranium 

are determined according to procedures 1.1.or 1.2 and/or 1.3. 

respectively. 

2.1.3· Apparatus 

ί) 1 100-ml round bottom flask connected with a refrigerating 
column 

b) 1 50-ml volumetric flask 

c) 1 50-ml measuring cylinder 
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2.1.4. Reagents 

a) nitric aeidehydrofluoric acid mixture: dilute 146 ml of 

14 M nitric acid with water to 200 ml and add 0.39 g of 

ammonium fluoride. Dissolve and mix. 

2.1.5. Sampie 

From the metal or the alloy prepare about 2 g of shavings. 

Carry out this operation in an inert gas atmosphere. Grind 

pellets and coarse powders in a mortar. Carry out this 

operation in an inert gas atmosphere in the case of nitrides. 

2 . 1 . 6 . Procedure 

Place 30 ml of n i t r i c a c id -hyd ro f luo r i c ac id mixture i n the 

round bottom f l a s k . Weigh out to the n e a r e s t 0 .1 mg 500 (ρ) 

mg of sample in an i n e r t gas atmosphere, when the sample 

c o n s i s t s of m e t a l , a l l o y or n i t r i d e , and add these c a r e f u l l y to 

the a c i d mix tu re . Place the r e f r i g e r a t i n g column on the 

round bottom f l a sk and hea t u n t i l a c l e a r s o l u t i o n i s ob t a ined . 

Cool, t r a n s f e r to a 50-ml volumetr ic f l a sk and make up to 

volume with wa te r . In s u i t a b l e a l i q u o t s of t h i s s o l u t i o n 

(v^ and ν - ml r e s p e c t i v e l y ) determine plutonium according to 

proeedure 1 .1 . when the conten t i s over 1% or according to 

procedure 1.2. for lower con ten t s and/or determine uranium 

according to procedure 1.3· (A or A' mg of plutonium and/or 

Β mg of uranium found) . 

2 . 1 . 7 . 

% plutonium 

Calculation 

The sample contains : 

A . 1 0 % 

2 v1 ρ 

Β . 1 0 % 
2 v2 ρ 

A' . 10 
or ■= 

2 ν,, ρ 

uranium 

Report the r e s u l t s to the n e a r e s t 0.02 % (procedure 1 . 1 . ) , 

0.005 % (procedure 1.2.) and 0.05 % (procedure 1 . 3 · ) . 
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2.2. Determination of plutonium and/or uranium in plutonium oxide 
and plutonium-uranium oxides 

2.2.1. Scope 

The method is applicable to the determination of from 1 to 100/ 
plutonium and/or of from 2 to 10θ % uranium in plutonium oxide 
and plutonium-uranium oxides respectively. 

2.2.2. Principle 

The sample is dissolved either by fusion with a mixture of so
dium pyrosulphate and potassium pyrosulphate, followed by dis
solution of the melt in nitric acid, or by boiling with sul
phuric acid, nitric acid and ammonium sulphate. In the first 
case plutonium and uranium are determined according to pro
cedures 1.1 and 1.3 respectively, whereas in the second case 
these elements are determined according to procedure 1.4. 

2.2.3· Apparatus 

2.2.3·1· Fusion procedure 

a) 1 50-ml quartz beaker 
b) 1 watch glass 
c) 1 25-ml measuring cy l inde r 
d) 1 50-ml volumetr ic f l a sk 
e) 'I e l e c t r i c bu rne r . 

2.2.3.2. Dissolution procedure 

a) 1 100-ml round bottom flask provided with a refrigerating 
column 

b) 1 10-ml meacuring cylinder 
c) 1 1-ml measuring pipette 
d) 1 25-ml measuring cylinder 
e) 1 50-ml volumetric flask 
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2.2.4. Reagents 

2.2.4.1. Fusion procedure 

a) Pyrosulphate mixture : mix 60 g of sodium pyrosulphate with 
15 g of potassium pyrosulphate. 

b) Nitric acid, 5 M : dilute 100 ml of concentrated nitric 
acid with water to 280 ml. 

2.2.4.2. Dissolution procedure 

a) Sulphuric acid, about 9 M : add carefully 100 ml of con
centrated sulphuric acid to 100 ml of water, mix and cool. 

b) Nitric acid, 14 M. 

c) Ammonium sulphate, solid. 

d) Hydroxylamine hydrogensulphate, solid. 

e) Sodium nitrite, solid. 

2.2.5· S amp1e 

The sample should consist of a fine powder. If otherwise, 
grind coarse powders or pellets in a mortar. 

2.2.6. Procedure 

2.2.6.1. Fusion procedure 

Weigh out to the nearest 0.1 mg 5OO (ρ) mg of sample and 
transfer to a 50-ml quartz beaker. Add 5 g of the pyrosul
phate mixture and mix thoroughly. Cover the beaker with a 
watch glass and heat carefully on an electric burner to about 
400 C until a clear melt is obtained. Cool, dissolve in I5 ml 
of 5 M nitric acid, transfer to a 30 ml volumetric flask and 
make up to volume with water. In suitable aliquots of this so
lution (v| and v2 ml respectively) determine plutonium and/or 
uranium according to procedures 1«! and/or 1.3 respectively 
(Λ mg of plutonium and/or Β mg of uranium found). 

2.2.6.2. Dissolution procedure 

Weigh out to the nearest C.1 mg 5OO (ρ) mg of sample and trans
fer to a 100-ml round bottom flask. Add 5 ml of 9 M sulphuric 
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acid, 1 ml of 14 M nitric acid and 2.5 g of ammonium sulphate. 

Place the refrigerating column on the round bottom flask, heat 

to boiling and boil under reflux for 10 min. Take off the re

frigerating column, heat to boiling for 30 min. in order to 

eliminate nitrate and to complete dissolution, and cool. 

Carefully add 20 ml of water, cool and add hydroxylamine 

hydrogensulphate until the colour changes to bluish green. 

Heat to about 30 G for 5 min., cool, add 200 mg of sodium ni

trite and heat to expel nitrous oxide vapours. Cool, transfer 

to a 50ml volumetric fle.sk and make up to volume with water. 

Determine plutonium and uranium in v^ ml (maximum 10 ml) of 

this solution according procedure 1.4 (A" rag of plutonium and 

B' mg of uranium found). 

,2.7· Calculation 

The sample contains 

% plutonium 
A 

2 

Β 

2 

. 10* 

V1 Ρ 

h. 
1Q ' , 

Vp Ρ 

c' 
/o 

J 

o r 

or 

4 
A " . 10 

2 V3P 

Β ' . 1 0 

2 v.. ρ 

% uranium 

Report the results to the nearest 0.02 'A for plutonium and. to 

the nearest 0.05 % för uranium. 
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2 . 3 . Determinat ion of plutonium and/or uranium in plutonium c a r 
b i d e , uranium ca rb ide and plutonium-uranium ca rb ides 

2 . 3 . 1 . Scope 

The method is applicable to the determination of from 1 to 
100 % plutonium and/or of from 2 to 100 % uranium in pluto
nium carbide, uranium carbide and plutonium-uranium carbides 
(see 2.3.8.). 

2.3·2. Principle 

The sample i s c a l c i n e d to ob ta in the corresponding oxides 
which a r e subsequent ly e i t h e r fused with a mixture of sodium 
pyrosu lpha te and potassium pyrosu lpha te and d i s so lved in 
n i t r i c a c i d , or d i s so lved d i r e c t l y by b o i l i n g with s u l p h u r i c 
a c i d , n i t r i c ac id and ammonium s u l p h a t e . In the f i r s t case 
plutonium and/or uranium a re determined according to p roce 
dures 1.1 and 1.3 r e s p e c t i v e l y whereas in the second case 
these elements a r e determined according to procedure 1.4. 

2 . 3 · 3 · Apparatus 

2 . 3 · 3 · 1 · Fusion procedure 

a) 1 furnace capable of h e a t i n g up to 1000 i 
b) 1 e l e c t r i c burner 
c) 1 50-ml quar tz beaker 
d) 1 watch g l a s s 
e) 1 25-ml measuring cy l i nde r 
f) 1 50-ml volumetr ic f l a sk 
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2·3·3·2. Dissolution procedure 

a) 1 furnace capable of heating up to 1000 C 
b) 1 100-ml quartz round bottom flask provided with a re

frigerating column 
c) 1 10-ml measuring cylinder 
d) 1 1-ml measuring pipette 
e) 1 25-ral measuring cylinder 
f) 1 50-ml volumetric flask 

2·3·4. Reagents 

2.3.4.1. Fusion procedure 

a) Pyrosulphate mixture: mix 60 g of sodium pyrosulphate with 
15 g of potassium pyrosulphate. 

b) Nitric acid, 5 M: dilute 100 ml of concentrated nitric acid 
with water t>: 280 ml. 

c) Oxygen 

2.3·4.2. Dissolution procedure 

a) Sulphuric acid, about 9 M : add carefully 100 ml of con
centrated sulphuric acid to 100 ml of water, mix and 
cool. 

b) Nitric acid, 14 M 
c) Ammonium sulphate, solid 
d) Oxygen 
e) Hydroxylamine hydrogensulphate, solid 
f) Sodium nitrite, solid 

2·3·5· Sample 

The sample should consist of a fine powder. In the case of 
pellets and coarse powders grind them in a mortar in an inert 
gas atmosphere. 
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2.3.6. Procedure 

2.3.6.1. Fusion procedure 

Weigh out to the nearest 0.1 mg 500 (ρ) mg of sample, transfer 

to a 50 ml quartz beaker and place thisinto the furnace. Heat 

to about 8OO C in a stream of oxygen for 30 min., cool, take 

the beaker out of the furnace, add 5 g of the pyrosulphate 

mixture and mix thoroughly. Cover the beaker with a watch glass 

and heat carefully on an electric burner to about 400 C until 

a clear melt is obtained. Cool, dissolve in I5 ml of 5 M nitric 

acid, transfer to a 50ml volumetric flask and make up to 

volume with water. In suitable aliquots of this solution 

(v.. and ν? ml respectively) determine plutonium and/or uranium 

according to procedures 1.1 and/or 1.3 respectively, (A mg of 

plutonium and/or Β mg of uranium found). 

. .j;.6.2. Dissolution procedure 

,/ei.gh out to the nearest 0.1 mg 5OO (p) mg of sample, trans

fer to a 100ml quartz round bottom flask and place this in 

the furnace. Heat to about OüJ C in a stream of oxygen for 

130 min., cool, take the flask out of the furnace, and add 

5 ml of 9 M sulphuric acid, 1 ml of 14 M nitric acid and 

2.5 3 of ammonium sulphate. Place the refrigerating column 

on the round bottom flack, heat to boiling and boil under 

reflux for 10 min. Take off the refrigerating column, heat 

to boiling for .50 min. in order to eliminate nitrate and 

to complete dissolution, and cool. Carefully add 20 ml of 

v;atsr, cool and add hydroxylamine Jiydrogensulphate until 

the colour changes to bluish green. Heat to about u0 G for 

;.;■ ■viin., cool, add 200 mg of sodium nitrite and heat to ex

gel nitrous oxide vapours. Cool, transfer to a 50 ml volu

metrie flask and make up to volume with water. Determine 

plutonium and uranium in v., ml (at maximum 10 ml) of this 

solution according to procedure 1.4.(A" mg of plutonium 

ano. Β' mg of uranium found). 
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2.3·7· Calculation 

The sample contains 

4 
A. 10 

2 vip 

4 
B . 1 0 

2 v 2 p 

/ Ö 

% 

o r 

o r 

4 
A"10 

2 v 5 p 

if 
B ' . 1 0 

2 Ï ) ρ 

/ó plutonium 

yo uranium. 

Deport tue r e s u l t s to the n e a r e s t 0.02 % for plutonium and 

to the n e a r e s t 0.05 i° for uranium. 

2 . ;': .·"·. .Remarks 

2.3.8.1. In tne case of plutoniumuranium carbides containing of from 

0.05 to 1 % of' plutonium, tnis element can be determined by 

calcination in oxygen, dissolution in nitric acid  hydro

fluoric acid as described in procedure 2.1. and application 

of procedure 1.2 (spectrophotometry determination of pluto

nium) . 

2.3·υ.2. In tne case of pure uranium carbide the fusion step can be 

omitted. After calcination tie oxide is dissolved directly 

in nitric acid according to procedure 2.4. 
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2.4. Determination of uranium in uranium nitride and uranium oxide 

2.4.1. Scope 

The method is applicable to the determination oT" uranium in 
uranium nitride and uranium oxide. 

2.4.2. Principle 

The sample is dissolved in nitric acid and uranium is deter
mined according to procedure 1.3· 

2.4.3· Apparatus 

a) 1 100-ml round bottom flask provided with a refrigerating 
column 

b) '1 50-ml measuring cylinder 
c) 1 50-ml volumetric flask 

2.4.4. Reagents 

Nitric acid, 7 M : dilute 100 ml of concentrated nitric acid 
v/ith water to 200 ml. 

2.4.5· Sample 

The sample should be a powder .Grind p e l l e t s in a mor tar . 
In the case of n i t r i d e samples ca r ry out t h i s opera t ion in an 
inert gas atmosphere. 

.4.6. Procedure 

Weigh out to the n e a r e s t 0.1 mg 500 (ρ) mg of sample and 
t r a n s f e r to a 100-ml round bottom f l a s k . Add 30 ml of 7 M 
n i t r i c ac id , p lace the r e f r i g e r a t i n g column on the round 
bottom f l ask and heat to b o i l i n g u n t i l a c l e a r s o l u t i o n i s 
ob t a ined . Cool, t r a n s f e r to a 50-ml volumetr ic f l a sk and 
make up to volume v/ith wate r . In 10 ml of t h i s s o l u t i o n de
termine uranium according to procedure 1.3 (B mg of uranium 
found) . 
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2 . 4 . 7 · C a l c u l a t i o n 

The sample c o n t a i n s 

B.10 3 

2 ρ 
uranium 

Repor t t h e r e s u l t s to t h e n e a r e s t 0 . 0 5 'A. 
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3. PROCEDURES FOR THE DIRECT ANALYSIS OF FUELS AND THEIR COMPONENTS 

Determination of carbon in plutonium metal, uranium metal, 
plutonium-uranium alloys, plutonium oxide, uranium oxide, 
plutonium-uranium oxides, plutonium carbide, uranium car
bide, plutonium-uranium carbides, plutonium nitride, uraniur: 
nitride, plutonium uranium nitrides 

— . . . - ' . - . , ι . . I . , ι . , I , , , ., . . 

3 r1.1. Scope 

The method is applicable to tne determination of' from 20 to 
4000 ug of carbon in the elements and compounds mentioned ii / 
the title. 

5.1.2. Principle 

Tne sample is heated in air and oxygen and the carbon con';r.ine; 
in it is oxidized to carbon dioxide which is evolved and subse
quently absorbed in a solution of sodium hydroxide. The con
ductivity of this solution is measured before and after the 
absorption of carbon dioxide. The carbon content is determined 
from the difference between the results of the two measurement: 

5.1.3· Apparatus 

a) 1 high-frequency furnace, 0.5 kW 
b) 2 crucibles of ceramic material, previously heated at 

1000°C for 8 hours 
c) "I gas absorption apparatus with inserted platinum electrodes 

which are connected to the v/heatstone bridge (see 3.1.9.1«)· 
d) 1 vflieatstone bridge with automatic correction for temperature 

changes of the solution to be analysed and modified in such 
a way that the compensating variable resistance is linearly 
proportional to the concentration of sodium hydroxide solu
tion in the absorption apparatus (see 3.1-9.1·) 

e) 1 membrane pump with rotameter, capacity 90 ml/inin. 
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3.1.4. Reagents 

a) Sodium hydroxide solution, O.O5 M : dissolve 2 g of sodium 
hydroxide in water and dilute to 1-1. 

b) Copper disks with a diameter which is slightly smaller than 
that of the crucible mentioned under 3«1.3«h and weighing 
about O.75 g 

c) Garbon dioxide-free oxygen. 
d) Carbon dioxide-free air. 
e) Standard steel samples with certified carbon content 

(see 3.I.9.2.) 
f) Garbon tetrachloride. 

5.1.5· Sample 

2.'Ί·5·'!· Metais and alloys: in an inert gas atmosphere orepare about 
5 g of shavings. Decrease them by washing with carbon tetra
chloride. 

5.1.5.2. Oxides, carbides and nitrides : grind 3 g of pellets in a 
carbon-free mortar. Garry out ttiis operation in an inert gas 
atmosphere in the case of nitrides and carbides. Powders do not 
need any preparation. 

3.1.6. Procedure 

teigh out to the nearest mg 1000 (ρ) mg of sample in the case 
of determination of traces of carbon or weigh out to the nea
rest 0.01 mg 50 (ρ) mg of sample in the case of the analysis 
of carbides. Transfer it to the crucible on the bottom of which 
nas been put a copper disk. Gover the sample with another cop
per disk and transfer the crucible to the induction furnace. 
Connect the furnace on one side with a source of carbon 
dioxide-free oxygen (in the case of oxide, carbides and 
nitrides) or a source of carbon dioxide-free air (in the case 
of metals and alloys) and on the other side with the gas ab
sorption apparatus. Introduce so much sodium hydroxide solu
tion into the absorption apparatus that all electrodes are 
inserted in the solution (see 5·1·9·5·)· Measure the con
ductivity of the sodium hydroxide solution (r-¡ found). Pass 
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a stream of air (in the case of metals and alloys) through 

the whole system and heat up to 600 C for 1 rain. Shut off the 

stream of air and pass oxygen through the system at a rate of 

about 90 ml per min. and heat at maximum capacity until the 

anode current has decreased to the value which is reached 

when the furnace is switched on under unloaded conditions, 

(see 3.1.9.4.). Switch off the furnace. In the case of oxides, 

carbides and nitrides pass a stream of oxygen through the system 

at a rate of 90 ml per min. and heat at maximum capacity until 

the anode current has decreased to the value which is reached 

when the furnace is switched on under unloaded conditions 

(see 3.1.9.4.). Switch off the furnace. In both cases wait 10 

min. Measure the conductivity of the sodium hydroxide solution 

(r found), disconnect the absorption apparatus from the system 

and interrupt the stream of oxygen. Carry out a blank by 

applying the procedure to a crucible which contains only two 

copper disks (ri and r¿ respectively are found). From the 

corrected conductivity / (r^r_ )(ri+r ' ) / determine the 

amount of carbon with the aid of a calibration graph (a ,ug 

found). 

3.1.7· Calculation 

The sample contains : 

1000 a „ , £ , , 

ppm of carbon or ΛΓ. yo carbon 

ρ
 r

 10p 

'Report the results to the nearest 2 ppm in the case of traces 

and to the nearest 0.01 % in the case of carbides. 

3.I.8. Calibration graph 

Carry standard steel samples with certified carbon contents 

through the procedure, omitting the use of copper disks and, 

consequently, the blank. Plot the measured decreases of the 

conductivity of the sodium hydroxide solutions against the 

corresponding amounts of carbon in /Ug, taken into operation. 
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3.1.9. Remarks 

3.1.9.1. Instead of the absorption and measuring apparatus described 
above other apparatus especially constructed for the purpose 
can be used, e.g. the apparatus of Messrs Wb'sthoff, Bochum, 
Germany. 

3.1.9.2. Standard steel samples with certified carbon content may be 
obtained, e.g. from Bundesanstalt für Materialprüfung, Ber
lin-Dahlem, Germany. 

3.1.9.3. The volume of sodium hydroxide solution used in these deter
minations must always be constant. 

3.1.9.4. It is advisable to use a membrane pump with rotameter to 
maintain a continuous stream of oxygen, even after having 
switched off the furnace, so as to avoid that sodium hydroxide 
solution enters into the system. 

3.1.9.5. It is advisable to cneck the procedure at regular intervals 
by carrying a standard steel sample through the procedure. 
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3·2. Gravimetric determination of the oxygen to metal ratio in 
plutonium oxide, uranium oxide and plutoniura-uraniura oxides 

3.2.1. Scope 

The method i s a p p l i c a b l e to the de terminat ion of the oxygen 
to metal r a t i o of plutonium oxides in the range of 1.5 to 2 . 0 , 
of uranium oxides in the range of 2 to 2.67 and of plutonium-
uranium oxides con ta in ing l e s s than 50 % of plutonium oxide 
in the range of 1*85 to 2 .27 · Other elements may be p resen t 
only in t r a c e amounts. 

5.2.2. Principle 

The weighed sample is oxidized in air at 85O - 9OO C (plu
tonium oxide) or equilibrated with a mixture of carbon mon
oxide and carbon dioxide at 85O -900 C (uranium oxide and 
plutonium-uranium oxides) and then reweighed. The oxygen to 
metal ratio is calculated from the difference between the 
two weighings. 

5.2.5. Apparatus 

a) Platinum boats 
b) Microbalance which can be read to the n e a r e s t 0.001 mg 

( s e,e 3 · 2 . 8 ) . 
c) Furnace capable of hea t ing up to 1000 C. 

3 . 2 . 4 . Reagents 

a) Mixture of carbon monoxide and carbon dioxide (10 + 1), 
free of metal carbonyls. 

b) Argon, free of oxidizing and reducing impurities and water 

3.2.5. Sample 

Any pellet or powder. 
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3 . 2 . 6 . Procedure 

Carry out a l l manipulat ions in a p e r f e c t l y dry i n e r t a t 
mosphere. 
:-/aigh a platinum boat to the nearest" 0.001 rag ( t g ) . 
.veigh a p iece of platinum which serves as a r e f e rence 
weight ( r - jg) . Choose the s i z e of t h i s p iece of platinum 
such t h a t i t s weight i s comparable to t h a t of the sample boa t . 
Bring 200 to 500 mg of sample into the platinum boat and r e -
weigh (p g ) . Transfer the boat with sample to the cen te r of the 
hea t ing tube in the furnace . Pass a stream of a i r - in the 
case of plutonium oxides - or carbon monoxide/carbon dioxide 
mixture - in the case of uranium oxides and mixed plutchium-
uranium oxides - through tne tube a t a r a t e of 30 HI per h . 
Heat to 85O - 9OU G and i:eea a t t h i s temperature overnight«· 
heplace the carbon monoxide/carbon dioxide stream by an argon 
stream, cool to room temperature and weigh (q g ) . v/eigh the 
r e fe rence weight (ra g ) . 

C' I c u l a t i o n 

Calculate the oxygen to metal ratio, 0/M, according to 
M ,—(p-r-|)-(q-r-)-w 0/M = 2 - M /-(p-rl)-(q-r2)-w(p-t)10" 

where M = molecular weight of the sample after equili-r 
bration 

ρ = weight of the platinum boat with sample before 
equilibration 

q = weight of the platinum boat with sample after 
equilibration 

t = weight of the empty platinum boat 
r,.= reference weight before equilibration 
r0- reference weight a.fter equilibration 
v; = water content in ppm, determined according to 

procedure 5«4. 

Report the r e s u l t s to the nea re s t O.OOO5. 
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3.2 .Ö. Remarks 

5 - 2 . 8 . 1 . The de terminat ion can a l so be c a r r i e d out using a macrobalance 
which can be read to the n e a r e s t 0.1 mg. The use of tne r e 
ference weights can then be omi t ted . The r e s u l t s obta ined are 
somewhat l e s s p r e c i s e than those obta ined with the micro-
ba l ance . Resul t s should then be r e p o r t e d to the n e a r e s t 0 .002 . 

3 . 2 . 8 . 2 . The c o r r e c t i o n for the water con ten t , as i n d i c a t e d in tne for
mula in s e c t i o n 3 · 2 . 7 · can be omit ted when t h i s con ten t i s 
lov;er than 60 ppm. 
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i>· 3. Coulometric determination of the oxygen to metal ratio in 
uranium oxide 

3.3.1. Scope 

The method is applicable to the determination of the oxygen 
to metal ratio in uranium oxide. Traces of impurities nor
mally present do not interfere. 

Principle 
The sample is dissolved in concentrated phosphoric acid and 
uranium (VI) is reduced at the mercury electrode at -0.35 V 
vs silver - silver chloride electrode. Uranium (IV) is 
oxidised to uranium (VI) with potassium dichromate and ex
cess dichromate is reduced at +0.1 V. Total uranium is sub
sequently reduced at -0.35 V· The oxygen to metal ratio is 
calculated from tae results of the two uranium reductions. 

ΑΌ'ί ;u: 

a) 'i c o n t r o l l e d p o t e n t i a l coulometer with e l e c t r o n i c po ten t i e -
s t a t and e l e c t r o n i c i n t e g r a t o r , provided with a d i g i t a l 
vo l tme te r . 

b ) 1 e l e c t r o l y s i s c e l l with a mercury ΐ)οο1 e l e c t r o d e , p l a 
tinum wire h e l i x and s i l v e r - s i l v e r c h l o r i d e e l ec t rode 
according to f i g . 5 (see procedure 1.4) . 

c) 1 100-ml v 0 i u a e t . r i c f l ask 
d) 'i 25-ml measuring cy l inder 
e) 1 5-ml measuring cy l inder 
f) 1 5-!-il p i p e t t e 
g) 1 5-ral measuring pipette 
h) 'I 100-ml conical flask. 
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,3.4. Reagents 

a) Mercury, distilled twice 
b) Phosphoric acid, 85 %'. pass a stream of oxygen-free nitro· 

gen through the acid for 4 h and stock in an inert gas 
atmosphere. 

c) Sulphuric acid, 1 M : add 56 ml of concentrated sulphuric 
acid to 5OO ml of water, cool and dilute to 1 1. Pass a 
stream of oxygen-free nitrogen through the acid for 50 
min. and stock in an inert gas atmosphere. 

d) Potassium dichromate solution, O.OI6 M : weigh out 5 g 
of potassium dichromate, dissolve in water and make up 
to 1 1. 

e) Nitrogen, oxygen free. 

5.3.5. Sample 
Crush the sample in a mortar in an inert gas atmosphere. 

3.3.6. Procedure 

Weight out 5OO mg of sample and t r a n s f e r to a 100-ml con ica l 
f l a s k . Pass a stream of n i t r ogen over the sample and a f t e r 
20 min. add 20 ml of 85 ',Ό phosphoric ac id . Heat u n t i l a c l e a r 
s o l u t i o n i s ob ta ined , coo l , i n t e r r u p t the stream of n i t rogen 
and t r a n s f e r to a 100-ml volumetr ic f l a s k . Rinse the conica l 
f l a sk with 1 M su lphur i c ac id and add t h i s to the pnosphoric 
ac id s o l u t i o n . Make up to volume with 1 M su lphur i c ac id and 
s tock in an i n e r t gas atmosphere. Transfer to the e l e c t r o l y s i s 
c e l l 5 ml of mercury and 5 ml of 1 M su lphur ic a c i d . Pass a 
s t rong stream of n i t rogen through the s o l u t i o n . After 5 min. 
pass i t over the s o l u t i o n . P i p e t t e 5 ml of the uranium so lu 
t i on in to the c e l l . Reduce the d i sso lved mercury a t +0.1 V 
vs s i l v e r - s i l v e r c h l o r i d e e l ec t rode u n t i l the cu r r en t has 
decreased to 20 yuA.Set the p o t e n t i a l a t ze ro , switch on the 
e l e c t r o l y s i s c u r r e n t and lower slowly the p o t e n t i a l to 
-0 . 55 V. Reduce u n t i l the cur ren t has decreased to 20 ,u Λ 
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and measure the quantity of electricity in coulomb which has 

flown since the potential was set at 0.35 V (Q,,). The resi

dual current be i Amps and the electrolysis time be t] see. 

Set the potential at +0.1 V and add dropwise potassium dichro

mate solution until a strong increase of the current indicates 

the presence of excess dichromate. Reduce the excess dichro

mate until the current has decreased to 20 /uA. Put the inte

grator at zero. Lower slowly the potential to 0.55 V and 

reduce until the current has become 20 ,uA. Interrupt th 

stream of nitrogen, measure the quantity of electricity 

flown (Q ), the resi 

lysis time (t~. sec). 

reduce until the current has become 20 ,uA. Interrupt the 

flown (0_), the residual current (i? Amps) and the electro

■ 3·7· Calculation 

The oxygen to metal ratio, 0/M,is 

0/M = 2.0000 + — 

In the case of oxygen to metal ratios of nearly 2.00 

correct for the residual currents and calculate 0/M 

according to Q  i t 

^1 1 1 
O/M = 2 .000 + O  i + 

2 2 ¿ 

Repor t t h e r e s u l t s t o t h e n e a r e s t 0 . 0 0 0 2 fo r 2 < 0/M <T2.1 

and t o t h e n e a r e s t 0 .001 fo r 0/M > 2 . 1 . 
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3.4. Coulometric determination of traces of water in plutonium 

oxide, uranium oxide and plutonium-uraniumoaxàdes 

3.4.1. Scop, β 

The method i s a p p l i c a b l e to the de te rmina t ion of from 10 to 

10,000 Aig of water in plutonium ox ide , and mixed plutonium-

uranium o x i d e s . 

3.4.2. Principle 

The sample is heated at 700 C under nitrogen and the water 

vapour evolved is absorbed on a phosphorus (V) oxide layer 

in a Keidel cell. The acid formed is decomposed electro-

lytically on platinum electrodes. The quantity of water is 

then determined from the quantity of current consumed in the 

electrolysis. 

3.4.3· Apparatus 

a) Moisture analyzer 26321 AMA, Consolidated Electrodynamics 

Corporation. 

3.4.4. Reagents 

a) Nitrogen, dry. 

b) Copper (II) sulphate pentahydrate, solid. 

3.4.5. Sample 

Any pellet or powder. 
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3.'+.6. Procedure 

Pass a stream of n i t rogen through the appara tus a t a r a t e of 

90 ml per min. Rinse the apparatus with the c a r r i e r gas for 

10 rain. Switch on the e l e c t r o l y s i s c e l l and perform the 

e l e c t r o l y s i s u n t i l a cons tan t blank i s ob ta ined . This takes 

about 30 min. Weigh out 2 to 20 (p) g of sample to the nea

r e s t rag and t r a n s f e r i t to the furnace . Heat to 700 C and ca r ry 

out the e l e c t r o l y s i s u n t i l a cons tan t blank i s ob ta ined . The 

blank be a/ug of water .er rain. Cool and take the sample out 

of the furnace . The t o t a l quan t i t y of water read on the i n t e 

g r a to r be b ug and the time of a n a l y s i s be t min. 

5.4.7· Calculation 

The sample contains : 

(bat)G 
w = ppm of water 

where a = quantity of water in the blank in ,ug per 

min 

b = total Quantity of water in ,ug measured 

/ 

t = time of the determination 

C = correction factor (see 3«4.3.) 

ρ = weight of sample in g. 

Report the results to the nearest 1/p ppm. 

3.4.8. Calibration 

Weigh out to the n e a r e s t 0.1 mg 10 po r t i ons of about 5 rag 

each of s ieved copper ( I I ) su lpha te pentahydra te with par 

t i c l e s i z e between 0.5 and 1 ram, and ca r ry these po r t i ons 

through the e n t i r e procedure . 

Determine the average v/ater conten t (A %"). Also determine 

the water content by drying a t 500 C u n t i l cons tan t weight 

(B yó). The c o r r e c t i o n fac tor C i s A/B. 



51 

3«5 « Emission spectrographic determination of traces of metals 
in plutonium metal, uranium metal, plutonium-uranium alloys 
plutonium nitride, uranium nitride, plutoniura-uraniura ni
trides, plutonium carbide, uranium carbide, plutoniura-ura-
niura carbides, plutonium oxide, uranium oxide and plutonium-
uraniun oxides. 

3.5.·! oc op e 
The method is applicable to the determination of the amounts 
of the elements, indicated in table 3, in plutonium oxide, 
triuranium octoxide and a mixture of plutonium oxide and 
triuranium octoxide containing 10 to 20 % plutonium oxide, 
which may be obtained from the respective metals, alloys, 
nitrides, carbides and oxides (see 3·5·9·1>)· 

Tabi e 

Element to 
be determined 

Silicon 
Phosphorus 
aluminium 
Iron 
Magnesium 
Manganese 
Lead 
Chromium 
Tin 
Nickel 
Bismuth 
Molybdenum 
Calcium 
Vanadium 
Copper 
Silver 
Sodium 
Zinc 

Scope 
plutonium 

oxide 

10-400 ppm 
-

50-500 
15 - 500 
5 - 100 
2 - 5 0 
2 - 5 0 
4 - ίου 
2 - 5 0 
4 - 100 
5 - 5 0 

-
-
-

2 - 50 
-
-

30 - 500 
-

triuranium 
octoxide 

50 - 300 ppm 
15 - 5OO 
15 - 500 
15 - 500 
5 - 100 
1 - 50 
1 - 50 
ΊΟ - 100 
'ι - 50 
5 - loo 
1 - 50 
5 - 5 0 

loo - 500 
4o - 100 
5 - 5 0 

0,2 - 50 
4o - 4oo 
50 - 500 

plutonium oxide + tr 
uranium octoxide (I5 

30 - 300 ppm 
40 - 400 
30 - 500 
15 - 500 
2 - 100 
2 - 50 
1 - 50 
5 - 100 
1 - 50 
4 - 100 
1 - 50 
15 - 60 

-
15 - 100 
5 - 5 0 

0,2- 4 
4o - 500 
50 - 500 

i-
+65) 
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Principle 

The sample is dissolved, the solution obtained is evaporated 

to dryness and the residu is calcined. After addition of 

gallium oxide and traces of cobalt oxide  which serves as an 

internal standard  the mixture is placed in a graphite electrode 

which is subsequently excited at a DC arc. The emission spec

trum is taken and the quantities of elements are determined 

with the aid of calibrating graphs. 

3.5.3. Apparatus 

a) Spectrograph; grating 15,000 grooves/ inch, l inear .d i spers ion 

2.5 A/mm in the second order. 

b) Generator 0  2 0 Amps 

c) Comparator microphotometer 

d) Spec t rop ro j ec to r , magnif ica t ion 20 χ 

é) Photographic emulsion KODAK SA 1 

f). 1 furnace capable of he a t i ng up to 1000 C 

g) 1 tungsten carb ide mortar 

h) 1 mechanical mixer 

i ) 1 platinum c r u c i b l e , he igh t 50 mm, diameter 30 mm 

j ) 1 10ml measuring cy l inder 

k) 1 e l e c t r i c burner 

l ) g r a p h i t e anodes, he igh t 15·9 rom with two c y l i n d r i c a l holes 

v i z . one with depth 3«97 mm and diameter 3.18 mm al lowing 

the e l ec t rode to be placed on a suppor t , and one with 

depth 7.19 mm and diameter 4.75 mm which con ta ins the 

sample. 

m) g r aph i t e ca thodes , he igh t 38.1 mm and diameter 3«05 mm 

n) 1 apparatus for the e l e c t r o d e p r epa ra t i on according to 

f i g « . 4 and 5« 

o) 1 100ml round bottom f l a sk provided with a r e f r i g e r a t i n g 

column (only for ana lys i s of plutonium oxide and plutonium

uranium o x i d e s . ) . 
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3·5·4. Reagents 

a) Gallium oxide - cobalt oxide mixture: weigh out 10 g of 
gallium oxide, add 5 mg of cobalt oxide and mix well. 

b) Nitric acid, 14 M (for the analysis of metal,alloys, 
nitrides, carbides and uranium oxide). 

c) Sulphuric acid, 9 M : add carefully 100 ml of concen
trated sulphuric acid to 100 ml of water, mix and cool 
(for the analysis of plutonium oxide and plutonium-ura
nium oxides). 

d) Ammonium sulphate, solid (for the analysis of plutonium 
oxide and plutonium-uranium oxides). 

e) Formic acid, 93 % (for the analysis of metals, alloys, 
nitrides, carbides and uranium oxide). 

f) Acetic acid, 5 % · Weigh out 50 g of glacial acetic acid 
and dilute with water to 1 1. 

g) KODAK Τ 19-
h) KODAK special. 
i) Standard triuranium octoxide samples. N.B.S 95 - 1/7. 
j) Standard plutonium oxide samples (see 3·5·9·2). 

3·5·5· Sample 

From the metal and the alloys prepare about 2 g of shavings. 
Grind pellets in a mortar until a powder is obtained. For 
this purpose use a tungsten carbide mortar (see 3·5·9·3·)· 
Carry out these operations in an inert gas atmosphere in 
the case of metals, alloys, nitrides or carbides. 

3.5.6. Procedure 

3·5·6.1. Sample preparation of metals, allocs, nitrides, carbides and 
uranium oxide 

Weigh out 1 to 1.5 g of sample and tranfer to a platinum 
crucible. Carry out this operation in an inert gas atmosphere, 
when the sample consists of metals, alloys, nitrides or 
carbides. Add carefully 10 ml of 14 M nitric acid and heat 
until a clear solution is obtained. Evaporate to dryness, 
add 4 ml of 98% formic acid, heat, evaporate to dryness, heat 
at 900°C for 1 h and cool. Preserve the residu for further 
treatment according to section 3«5·6.3· 
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3.5 « 6 . 2 . Samp_le_p_rep_aration_of_£lutonium_oxide_and_p_lutonium-uranium 
oxides 

Weigh out 1 to 1.5 g of sample and t r a n s f e r to a 100-ml round 
bottom f l a s k . Add 10 ml of 9 M su lphur i c ac id and 5 g of am
monium su lpha t e and hea t to fuming. Continue he a t i ng to b o i 
l i n g for 30 min. Cool, and add carrfully 5 ml of wa te r . I f a 
r e s i d u i s observed, heat to e l imina te the water and from t h a t 
moment on hea t to b o i l i n g for 30 min. Cool and t r a n s f e r the 
c l e a r s o l u t i o n to a platinum c r u c i b l e , evaporate to dryness , 
hea t to 700°C for .30 min. and then hea t to 900°C for 1 h 
and c o o l . 

3 . 5 . 6 . 3 · El eç t ro de jDr ejDar a t i on 

Weigh out 980 mg of the oxides obta ined according to s e c t i o n s 
3 .5 .6 .1 or 3 . 5 . 6 . 2 . , add 20 mg of gal l ium ox ide -coba l tox ide 
mixture , mix well and homogenize us ing a mechanical mixer for 
3 min. Transfer 100 mg of the mixture to the g r a p h i t e anode 
and place i t i n to the holder A of the appara tus for the 
e l ec t rode p repa ra t i on ( f i g s . 4 and 5 ) . Turn the crank C 
and l e t the e l e c t rode f a l l f r ee ly f ive t imes . Next, in t roduce 
the vent-forming needle i n t o the powder and turn the crank F 
so t h a t the needle tu rns f ive times I80 back and f o r t h . In 
t h i s way prepare th ree e l ec t rodes and t r a n s f e r them to the 
e l ec t rode s t a n d . 

3 . 5 . 6 . 4 . S_p_ec_trqgjra phic _analysis 

Put the e l ec t rodes i n t o the s tand and take the s p e c t r a in 
the region 2400 - 3700 A under the cond i t ions given in t a b l e 4 . 
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Table 4 

DC arc starting 

preburn period 

exposure time 

electrode gap 

slit width 

sector setting 

plutonium 
oxide 

15 Amps 

5 sec 

40 sec 

4 mm 
center in the 
optical path 
by projection 

15/U 

100 % - 11,6$ 
transmissioi 

triuranium 
octoxide 

10 Amps 

5 sec 

40 sec 

4 mm 
center in the 
optical path by 
projection 

25 /U 
100 % - 10 % 

ί transmission 

plutonium oxide + 
uranium ostoxide 

(15 + 85) 
10 Amps 

5 sec 

40 sec 

4 mm 
center in the op
tical path by 

projection 

25/U 

100 % - 10 % 
transmission 

tri-

Take the plate out of the spectrograph and carry out the 
photographic processing as follows : 

development 
stop bath 
fixing 
washing 
drying 

KODAK T 19 for 3 min. a t 20°C + 0,5°C 

a c e t i c a c i d , 5 % for 10 s e c . 

KODAK s p e c i a l for 3 min. 
running water for 30 min, 

a i r c u r r e n t a t 30 C for I5 min. 

Check the s p e c t r a with the a id of the s p e c t r o p r o j e c t o r 
and ca r ry out the dens i tomet r ic measurements us ing the 
l i n e s i n d i c a t e d in t a b l e s 5> 6 and 7· 
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Table 5 

Matrix : plutonium oxide 
Reference line : cobalt 2521.36 A 

Element to be 
determined 

Silicon 
Iron 
Magnesium 
Manganese 
Lead 
Chromium 
Tin 

Bismuth 
Nickel 
Aluminium 
Copper 
Zinc 

sector 
setting 

11.6 % 

11.6 
100 
11.6 
11.6 
100 
11.6 
100 
100 
100 
100 
11.6 
100 

concentration 
range 

10 - 400 ppm 

15 - 5OO 
3 - 100 
2 - 5 O 
2 - 5 0 
4 - 100 
15 - 50 
2 - 1 5 
5 - 5 0 
4 - 100 

50 - 5OO 
2 - 5 O 
30 - 500 

analytical 
line 

2516.12 ï 

2599.39 
2779.83 
28OI.O6 

2833.07 
2843.25 
2863,33 
2863.33 
2989.03 
3002.49 

3092.71 
3273.96 
3302.59 
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Table 6 

Matrix: triuranium octoxide 

Element to 
be determined 

Silicon 

Phosphorus 

Aluminium 

Iron 

Magnesium 

Manganese 

Lead 

Chromium 

Tin 

Nickel 

Bismuth 

Molybdenum 

Calcium 

Vanadium 

Copper 

Silver 

Sodium 

Zinc 

Sector 
setting 

10 % 

100 

100 

10 

100 

100 

10 

100 

10 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

concentration 
range 

30 - 300 

I5 - 500 

15 - 500 

4u - 500 

15 - 4o 

5 - 100 

ΊΟ - 50 

1 - 10 

20 - 50 

1 - 20 

10 - 100 

1 - 50 

5 - 100 

1 - 50 

5 - 3 0 

100 - 500 

40 - 100 

5 - 50 

0,2- 50 

4o - 4oo 
50 - 500 

analytical 
line 

2519.21 

2553.28 

2575.41 

2599.40 

2599.40 

2779.33 
28OI.O6 

28OI.O6 

2833.O7 

2833.O7 

2843.25 

2363.33 
3OO2.49 

3067.72 

3170.75 

3179.33 

3183.98 

3247.54 

3280,68 

3302.-29 

3302.59 

cobalt reference 
line 

2521.36 

id 

id 

id 

id 

3044.01 

id 

id 

id 

id 

id 

id 

id 

id 

2521.56 

id 

id 

id 

id 

id 

id 
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Table 7 

Matrix: plutonium oxide-triuranium octoxide mixture (15+85) 

Element to be 
determined 

Silicon 

Phosphorus 

Aluminium 

Iron 

Magnesium 

Manganese 

Lead 

Chromium 

Tin 

Nickel 

Bismuth 

Molyodenum 

Vanadium 

Copper 

Silver 

Sodium 

Zinc 

Sector 
setting 

10 % 

100 

100 

100 

10 

100 

10 

10 

10 

100 

10 

100 

10 

100 

100 

10 

100 

100 

100 

10 

100 

100 

100 

Cone entration 
range 

30 - 300 ppm 

40 - 400 

30 - 500 

15 - 100 

50 - 500 

10 - 100 

2 - 1 0 

2 - 5 0 

10 - 50 

1 - 10 

25 - 100 

5 - 5 0 

10 - 50 

1 - 20 

4 - 100 

10 - 50 

1 - 20 

15 - 60 

15 - 100 

5 - 5 0 

0.2 - 4 

4o - 500 

50 - 500 

Analytical 
line 

2514.12 % 

2555.28 

2575.41 

3092.71 

2599.40-

2776.69 

2802.69 

2801.06 

2833.07 

2833.07 
2843.25 

2843.25 

2863.33 

2863.33 

3002.49 

3067.72 

3067.72 

3170.35 

3184.98 

3247.54 

3280.68 

3302.39 

3502.59 

Cobalt refer 
line 

2521.56 8 

id 

id 

3044.01 

2521.56 

5044.01 

id 

id 

id 

id 

id 

id 

id 

id 

id 

id 

id 

2521.36 

id 

id 

id 

id 

id 

enee 
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3·5·7· Calculation 

From the r e s u l t s of the dens i to rae t r i c measurements c a l c u l a t e 

the q u a n t i t i e s of the elements with the a id of c a l i b r a t i o n 

graphs for each of the t h r e e s p e c t r a t aken . Ca lcu la t e the 

average r e s u l t s and r e p o r t them to the n e a r e s t 5 °/° of t h e i r 

v a l u e . 

3 . 5 . 8 . C a l i b r a t i o n graphs 

Prepare the c a l i b r a t i o n graphs by adding known amounts of 

the elements to be determined, to s t anda rd plutonium oxide 

sample (see 3«5 · 9 · 2 ) , s t a n d a r d t r i u r an ium oc tox ide sample 

N.B.S. 95 - 1/7, and a ( I5 + 85) mixture of these oxides and 

c a r r y i n g these s t anda rds through the e n t i r e p rocedure , i n 

c lud ing the corresponding sample p r e p a r a t i o n p r o c e d u r e s . 

3 . 5 . 9 · Remarks 

5.5·9·1. There is an influence of the nature and composition of the 
matrix on the form of the calibration graph. For this reason 
three different matrices are mentioned in this procedure, 
viz. plutonium oxide, triuranium octoxide and a (I5 + 85) 
mixture thereof. The composition of the mixture has been 
chosen arbitrarily. However, for all practical purposes, 
calibration graphs drawn up with this mixture can be used 
for all compositions between 10 and 20 % of plutonium oxide. 
In the case that oxide mixtures of other compositions have to 
be analysed separate calibration graphs have to be constructed. 
It is also possible to dilute the sample with eithc-r standard 
plutonium oxide or standard triuranium octoxide so as to 
arrive at a composition (I5 + ·" 85 ) · However, in this way the 
sensitivity of the method is reduced. 

5.5.9.2. Pure plutonium oxide can be prepared by repeated purification 
of a plutonium nitrate solution in 7 M nitric acid on an 
anion exchange column, followed by a repeated precipitation 
as plutonium oxalate and dissolution in nitric acid, final 
precipitation and calcination at 500 C. 
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3·5·9·3· When silicon is not to be determined an agate mortar can 
be used. 



T A B L E 1 

Survey of methods for the chemical analysis of plutonium bearing nonirradiated nuclear fuels and their cempenemts 

soecies or 

property to be 

determined 

P l u t o n i ui 

URANIUM 

PLUTONIUM 

AND 

URANIUM 

0XY6EN TO 

MF Til 
nL 1 ML 

RATIO 

m β t h o d 

Pu is oxidized to Pu(VI) with Ag (II). Excess Ag 

(II) is destroyed. Pu(VI) is reduced by Fe(II) 

and excess Fe(II) is titrated with Ce(lV). 

The equivalence point is indicated by constant 

current potentiometry 

Pu is oxidized to Pu( VI) with Ag(II) in 4N 

! HNO,. The absorbance of the solution is 

measured at 831 nm using a recording spectro

photometer with scale expansion facilities, 

readable slit width and 10 cm cells 

U is reduced to U(IV) by Fe(II) in H^solution 

in presence of sulphamic acid. Excess Fe(II) is 

oxidized by HNO, in presence of Mo.U(lV) is 

titrated with K?Cr„0, using Badiphenylamine 

sulphonate as an indicator 

After a preelectrolysis of 0r5 M H?S0, on a 

mercury pool electrode at ♦ 0.1 V vs AgAgCl

electrode the sample is added and Pu(lV) is 

reduced to Pu(IIl). Next, U(VI) is reduced to 

U(IV) at 0.35 V 

The sample is weighed, oxidized with air (Put) ) 

or equilibrated with C0/C0J10*1) in the case of 

U and UPuoxides, both at 850°· 900°C and 

reweighid 

Sample is dissolved in cone. ΗPO, and U(VI) is 

reduced on a Hg electrode at 0,35 V vs AgAgCl

electrode. U(lV)is oxidized to U(VI) with ILCr2 0η. 
Excess ILCrJL is reduced at *0.1 V. Total uranium 

is than reduced at 0.35 V 

scope 

1 to 50 mg 

in about 50 ml 

0.02 to 7 mg in 

about 40 ml 

2 to 300 mg in 

maximum 15 ml 

0.2 to 25 ng of 

Pu and 0.7 to 

45 mg of U in 

maximum 10 ml 

Pu0x: 
1.5iO/M 2.0 
U02:2.0 U/H 2.67 

(Pu.u)O :1.85<0/M 

2.27 "and 

Pu02'3ü% 

"»M
s 

2.0 < 0/M 2.67 

precision 

0.030 mg 

<5ΰ0 ug: 6.5>ug 
50D-7000/jg: 
precision varie, 
from 9 to 120/u 
coefficient of 
. variation is 
abeut 1.8J 

0.060 mg 

0.008 mg of 
plutonium 

0.027 mg of 
uranium 

0.0010 

O/M.2.2.1 ι 
0.0005 

0/M>2.1 : 
0.0020 

limit of 
detection 

0.1 mg 

I 
0.022 mg 

0.2 ig 

0.027 mg of 
plutonium 

0.089 mg of 
uranium 

smallest 
detectable 
difference 
between samples 
is 0.0033 

smallest 
detectable 
differences 

between 
samples art 
0.0016 and 
0.0(165 resnecti 

a c c u r a c y 

Application to NBS-Pu-sample 
949 b yields results which 
do not differ significantly 
from the certified value 

~ 

NBS-Pu-sample 949 k is used 
for calibration 

Application to N8S-UTL-sample95 
equilibrated with 
C0/OL (seeQ3.2) yields 
results which do not differ 
significantly from the 
calculated U-content 

Results obtained do not differ 
significantly from those 
obtained with the volumetric 
methods mentioned above 

' 

A (Pu,U) oxide equilibrated und« 
the mentioned conditions 
is defined as stoechiometric 

Results do not differ 
significantly from those 
obtained by equilibration 
with C0/C02 

standardization 

Ce(S0. L-solution is 
standardized against NBS-
AsJL-sample 

-

see accuracy 

Κ Cr»0. is a primary 
standard 

■ 

Faraday's law 

r 
see accuracy 

the coulomb is used as a 

primary standard 

interferences 

Mo, Mn, V.w and Ce 

interfere. 

However, usually the amounts 

present in Pu and U

compounds are so small' that 

their influence may be 

neglected 

1.6 mmoles of PO^ , 5 

mmoles of SO,, 2 mmoles 

of F, 1000 «g of U, 5 mg 

of Mn, 350 mg of Ce and 

at least 15 mg of Th,Al, 

Co,Cr,Fe,Mo,Ni,V and Zr do 

"ot interfere. CI, 8r and 

J interfere 

Pu and Fe do not interfere. 

Neither interfere traces of 

impurities which are 

normally present in Uand 

Pucompounds 

■ 

Ti(IV), Fe(IIl), «(VI) 

Mo(Vl), V (V), Biftll) and 

Cu(II) interfere.Usually 

the amounts present are so 

small that their influence 

may be neglected, NO and 

CI must be removed 

All metals or compounds 

which ars oxidized or 

reduced under the conditions 

mentioned, interfere 

Ti, », Mo, V, Bi and 

Cu interfere 

application 

any Pu solution 

in HNO. or 

H2S04 

dilute Pusolu

tions: small 

procedure 

B.1.1 

amounts of Pu in thje B.1.2 

presence of large 

amounts of U 

any Usolution 

containing no 

more than 50 mmole 

of NO, 

NO/and Cl" free 

Pu and Usolution 

in H„S0. 
2 4 

Pu0„ 
2x 

"·,' 
2»x 

(U,Pu)02ix 

DO, 
2*< 

B.1.3. 
5 

V 

R 1 <t 
D. I.t. 

B.3.2 

B.3.3 

references 

A.5.3 

A.5.4 

η > 0 « J Λ 

A.5.6. 

A.5.7 

A.5.10 

A.5.8 

vely 



Table 1 (continued 

Species or 
property to be 
determined 

water 

carbon 

silicon 
phosphorus 
aluminium 
iron 
magnesium 
manganese 
lead 
chromium 
tin 
nickel 
bismuth 
molybdenum * 
vanadium * 
copper 
silver * 
sodium * 
zinc 

1 1 

m e t h o d 

Sample is heated under N, at 700°C and water 
vapour evolved is determined coulometrically 

Sample is heated in air and in oxygen. CO, is 
evolved and absorbed in NaOH-solution, the 
conductivity of which is measured before and 
after CO~-absorption 

Sample is dissolved, the solution is evaporated to 
dryness and the res.;du is calcinated. Ga^O, 
and traces of CoU (internal standard) are added 
and the emission spectrum is taken . 

* the nethnd is not applicable to the determination 
of these elements in plutonium oxide 

scope 

10 to 10000 /ug 

20 to 4000 iig 

10-300 ppm 
15-500 
15-500 
15-500 
2-100 
1-50 
1-50 

5-100 
1-50 
5-100 
1-50 

5-50 
15-100 
1-50 

0,2-5 
30-400 
30-500 

limit of precision I .. I detection 

3.5 ug 

¿ 1000 ug : 
7 Aig 

> 1000 yug : 
20yug 

15? 

(coefficient 

of 

variation) 

12 yug 

23 ^g 

a c c u r a c y 

the method is calibrated 
with copper(Il) sulphate 
penta hydrate 

standard steel samples of 
Bundes-Anstalt für Material
prüfung ar» used for 
calibration 

NBS-samples 95-1/7, ( U ^ ) ! 
and PulL- samp les', 
specially ourified, to which 
known amounts of the elements 
are added, are used for 
calibration 

standardization 

see accuracy 

see accuracy 

see accuracy 

interferences 

NH. 

application 

PuO 
uo 
(U,Pu)02 

PuO, ID, 
(Pu,U)0 
PuN UN 
(Pu.U)N 
PuC UC 
(Pu,U) C 
Pu U 
Pu-U alloys 

PuO, U A 
(Pu,U)0J ö 

PuN UN 
(Pu,ll)N 
PuC !IC 
(Pu,U)C 
Pu II 
Pu- U-alloys 

procedure 

B.3.4 

B.3.1 

9.3.5. 

references 

A.5.9 

A.5.2 



eample treatment determination treatment sampl· 

plutonium

uranium 

alloys 

plutonium

uranium 

nitrides 

plutonium

uranium 

carbides 

plutonium 

uranium 

oxides 

plutonium

ur s n i u m 

Uic.yf 

 nitri oe s 

 carbides 

oxides 

dissolution in 

HNO, + HT 

3 2.' calcination 
in oxygen 

fusion wit! 

(NaK)S 0. 

i i s soLut ion 
i n IINC 

B2.2 

Β2.Γ 

dissoîutïon in HNO +HF 
(only for low Pucoritents) 

dissolution in E .,30, ♦ 

HNCg+CNH^pSO^ .""fuming 

heating to 700 C 

33.1 combustion in air nnd Op 

and absorption of CO

in NaOKsolution 

Fig. 1 

oxid't i en in oir 

Scheme for the analysis of plutoniuri

bearing nonirradiated fuels and their 

components 

plutonium B1.1 

cerimetric method 

uranium B1.3 

oxidimetric 

method 

plutonium B1.2 

spectrophotometrie 

method 

plutonium B1,k 
and uranium by 

coulometry 

equilibration with CO/CO, 

10/1 at ε^0°  9CD°C
 c 

oxygen to nwtal 3 5.2 

ratio 

gravimetry \ 

water B3.
1
* 

coulometric 

method 

oxygen to metal B3.' 

ratio, coulometric 

method 

carbon 33.1 

conductornetrie 

method 

emission epectro—Β3·5 

rraphic analysis 

of trace impurities 

dissolution in 

HNO ♦ HF 
Β 2.1 

dissolution 

in ¡¡NC, 

j - \ 

dissolution 

in uric. 

32X 

l i s s o l u t i o n in H.,30,.
!:,'0 +(:»;i ) JO,.fuming 

fusion wi'.h c a l c i n a t i c i · 

combustion in a i r and 0^ 
and COpabsornt ion in NaOH

Fini ufi nn 

33.1 

oxidation in air 

B3.5 

plutonium 

metal 

plutonium 

nitride 

uranium 

metal 

uranium 

nitride 

plutonium 

carbide 

plutonium 

oxide 

uranium 
c:ìr\ i Ie 

urani ur 

oxide 

plutoniu:.", ane 

ur·, n i um 

metal 

. oxide 

. nitride 

. carbide 





65 

Fig. j¡ Electrolysis ceti. 

A mercury poo i eiectrode 

Β platinum wire 

C platinum wire he. ix 

D 

E sintered gl BH 

F 

G 

1! 

1 

K 

1. 

o o t  ' s s i u m c h ' o r i 

s i l v e r e h , o r i de 

s i L v e r w i r e 

s t i r r e r 

s m*i '. e sdiii t i o n 

n i t r o g e n i " <t 

de BO l u t i o n 

υ κ 0 mrr, 
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Fig. *· 
Frinri-i ,e of the app.'«r-tue 
for tr,c «· ef trode prep-'-r· tion 

¡ c *+o 6c mm 
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Fig. b 
A electrode ho.der 
B shaker 
C cr̂ n'K 
D vent-forming tool 
E rod 

¥ cr<nk 
G weight 
H pinion 
I rack 
J eccentric 
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