
~ tor' " 

CM 
CO EIR- Bericht Nr. 327 

<D 
00 

GC 
UJ 

Eidg. Institut für Reaktorforschung Würenlingen 

Schweiz 

Analysis of Refabricated Fuel: 
Determination of Carbon in Uranium 

Plutonium Mixed Carbide 

S. Huwyler 

äp 
Würenlingen, September 1977 



Analysis of Refabricated Fuel: Determination of 

Orb^n in Uranium Plutonium Mixed Carbide 

S. Huwyler 

Paper presented at the ORNL Conference on Analytical 
Chemistry in Energy Technology, Gatlinburg, 

October 1* - 6, 1977 

Zusammenfassung: 

Die Bestimmung des Kohlenstoffes in Uran, Plutonium-
Mischkarbid, welches einen fortgeschrittenen Brenn
stoff für Schnelle Brüter darstellt, ist ein 
wichtiges Mittel zur Kontrolle der ftöchiometrie. 
In dieser Arbeit wird ein kurzer Ueberblick über 
die Methoden zur Bestimmung von Kohlenstoff gegeben. 
Es wird vor allem auf die C-Bestimmung mit dem LECO 
WR-12 Kohlenstoffanalysator eingegangen und die 
während dreier Jahren gemachten Erfahrungen mitge
teilt. Die Probleme, die sich beim Betrieb des 
Gerätes in einer Handschuhkammer ergeben, werden 
diskutiert. Es wird gezeigt, dass die C-Bestimmung 
mittels des LECO-Gerätes eine schnelle Methode mit 
guter Präzision ist, welche sich gut für die Routine
analyse von Mischkarbid eignet. Die Genauigkeit der 
Methode muss mit Hilfe e.nes Standards gesichert 
werden. 
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ABSTRACT 

In developing uranium plutonium mixed carbide 
which represents an advanced fuel for breeder 
reactors carbon analysis is an important means of 
determining the stoichiometry. In this ptper methods 
of carbon determination are briefly reviewed. The 
carbon determination using a LECO WR-12 Carbon Deter-
niinator is treated in detail and experience of three 
years operation communicated. Problems arising from 
operating the LECO-apparatus in a glove box are 
discussed. It is pointed out that carbon determi
nation with the LECO-apparatus is a very fast 
method with good precision and well suited for the 
routine analysis of mixed carbide fuel. The accuracy 
of the method is checked by means of a standard. 

INTRODUCTION 

Utilization of refabricated fuel containing 
plutonium is possible in LWR's and FBR's. In both 
cases fuel in form of oxide is preferred. For FBR's 
carbide is considered as a very promising advan
ced fuel. The Swiss Federal Institute for Reactor 
Research has been concerned with the development of 
carbide fuel for about ten years*. This fuel con
sists of microspheres produced by a sol-gel process. 
Carbide formation is achieved by carbothermic re
duction of the corresponding oxide/carbon mixture2. 
Fabrication of a stoichiometric monocarbide is 
aimed at. Hyperstoichiometric carbide is undesi
rable owing to the danger of cladding carburi-
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zation. Carbon analysis is an important means of 
controlling the stoichionetry of the uranium plu
tonium carbide. 

SURVEY OF LITERATURE 

Literature about carbon analysis of uranium 
plutonium carbide is rather scanty. The principle 
of all carbon determination methods is the same: 
burning of the sample in an oxygen stream and de
termination of the C02 formed. Several methods of 
CCL determination are possible. 

As far as we Know there is only one major paper 
dealing with the carbon analysis of uranium plutonium 
carbide. BARTSCHER3 describes an apparatus for trie 
automatic determination of carbon in uranium 
plutonium carbide. This apparatus consists of an in
duction furnace installed in a glove box and a device 
for CO2 determination by measuring the electrical 
conductivity of the absorbing sodium hydroxide solu
tion. The carbide sample is burned in a platinum 
crucible since according to BARTSCHER with ceramic 
crucibles reproducible results could not be achie
ved. Our experience is different, using ceramic 
crucibles from the firm LECO we arrived at results 
showing a good precision. 

Analysis of uranium carbide using a LECO-appa-
ratus is treated in a paper of LARSEN4 in 1965. 
Though the LECO-apparatus utilized by LARSEN is now 
obsolete, it gave a better precision than that re
ported by SERRINI5. The latter author published 
results from a comparison of several methods of 
carbon determination in uranium carbide. In Table 1 
the methods compared by SERRINI are compiled and 
complemented by results from an interlaboratory 
comparison made in 1972 by seven laboratories of 
the FRG and our laboratory. 

According to SERRINI macrogrevimetry gives the 
smallest standard deviation. As the data of the ALKEil 
report show, results from electrical conductivity, 
coulometry and volumetry are as good or even better. 



TABLE 1 

COMPARISON OF CARBON DETERMINATION METHODS 

Method 

Macrogravimwtry 

Microgravimetry 

Electrical 
Conductivity 

Thermal 
Conductivity 

Coulometry 

Vjlumetry 

Manometry 

this paper: 

Thermal 
Conductivity 

Sample weight 
(mg) 

SERRINI5 

2000 

10-50 

50-200 

200-500 

100-200 

200-400 

80-100 

ALKEM 

400-500 

50-300 

1000 

100 

Standard deviation 
(%C) 

SERRINI5 

0.010 

0.038 

0,097 

0.029 

0.031 

0.05 

0,017 

ALKEM6 

0.007-0,009 

0.005-0.011 

0,007-0,009 

0,021 

Time necessary 
(min) 

SERRINI5 

100 

45 

10 

5 

5 

15 

30 

ALKEM 

5 

3-10 

7 

2 
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The differences between the data of SERRINI and 
the ALKEM-report are lihely to be due to greater 
sample weight and improved apparatus utilized by 
the laboratories of the AUCEM-report. 

For comparison data from the method described 
in this paper are also given in Table 1. 

DESCRIPTION OF THE LECO-APPARATUS 

The LECO Carbon Analyzer WR-12 consists of an 
induction furnace and a determinator separated 
from each other. The sample to be determined is 
weighed in a ceramic crucible and a scoop of cop
per metal accelerator is added. By induction heat
ing the crucible reaches a maximum te.nperature of 
about 1600°C while dry oxygen is streaming through 
the furnace. The oxygen is both reagent and carrier 
gas transporting the CO« formed by combustion of 
carbon to the determinator. CO formed too in small 
quantities is oxidized to C02. During the combustion 
process the C02 is quantitatively adsorbed in a 
molecular sieve trap which subsequently is heated 
to 300°C. CO- is desorbed and passes through the 
thermal conductivity cell giving an electrical 
signal which is integrated and digitaly read out. 
There are two ranges: 0,005 - 0,2 %Z and 0,01 -
5 %C. The digital read-out indicates the carbon 
content in % for a 1 g sample. Electronic weight 
compensation from 0,6 to 1,2 g sample weight is 
possible. For carbon contents higher than 5 \ the 
sample weight has to be reduced. The LECO-appara-
tus has been developed for the steel making indu
stry where a rapid and accurate carbon analysis is 
very important. 

ADAPTATION OF THE LECO-APPARATUS TO GLOVE-BOX 
OPERATION 

Carbon analysis of plutonium containing mate
rial must be done in glove-boxes. Since furnace and 
determinator are separated from each other the 



LECO-apparatus can easily adapted to glove-box 
operation. For this purpose the whole furnace is 
installed in the glove-box and the electrical 
leads and gas conduits led through the plexiglass 
windows. In order to avoid any contamination of the 
dcteminator a filter must be built in the gas con
duits. A paper filter followed by a KILLIPQRE-filter 
is sufficient. 

Our carbide glove-boxes are operated with a 
nitrogen atmosphere whose 0_- and H-O-contents are 
less than 10 ppm for each. The nitrogen leaving the 
glove-box is cleaned and recycled. If the induction 
furnace is opened oxygen streans out in greater 
amounts. By recycling this nitrogen the catalyst 
of the cleaning device would be exhausted in short 
time. Therefore we do not recycle the nitrogen of 
the LECO-box. 

The same box containing the induction furnace 
also contains an analytical balance. It is an elec
tronic HETTLER-balance with automatic tare compen
sation. The digital read-cut is mounted outside 
the box. 

EXPERIENCE WITH THE LECO WR-12 APPARATUS 

After three years of operation with the WR-12 
apparatus our experiences are as follows: 

The induction furnace proved to be very re
liable. During the whole time we never had trouble 
with it. This was very satisfactory because repair 
work in the glove-box would have been difficult. On 
the other hand we had some difficulties with the 
determinator. However, thanks to thj modular design, 
breakdowns are usually short. 

Standard deviation of an analytical method can 
be determined from the results of n samples each of 
them being analysed m times with aid of the follo
wing formula: 

0 total 

, . i . — — — 

\lux - x r* E(x - xj •.• ux - x y 
H a a b b n n 
' (n - 1) • ( n . - 1) • . . • (n - 1) a a n 
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From a series of 20 samples for each of than S single 
determinations Mere made Me obtain for the carbon 
determination of uranium plutonium carbide with the 
LECO wR-12 apparatus 

o . . , * 0.021 \ C 
total 

Whereas the precision of the carbon analysis 
using the LECO UR-12 is satisfactory some difficul
ties arose with the accuracy. Me became aware of it 
by analysing the same material several times on 
different days. For instance Me found for a tungsten 
carbide material with a carbon content of 6.11 % 
(volumetric analysis, courtesy of fir. Görgenyi, NUKEF1) 
on different days: 6.06 t C 

S.96 
G.OS 
6.06 

For a standard deviation of 0.021 and 5 single deter
minations the 95* confidence interval is calculated 
to be 

2.78 • 0.021 
- - 0,026 % C F 

The values found are therefore out of the confidence 
interval. Our view is that the differences come from 
the calibration of the LECC-apparatus. There are 
two possibilities influencing the calibration: 

1. 3 potentiometers (A) covering the low, middle and 
high carbon range. Using these potentiometers the 
read-out of the apparatus can be adjusted. Nor
mally these potentiometers are adjusted in the 
factory. Our experiance is that it is difficult 
to adjust them well over the whole range. 

2. A potentiometer (B) used for the daily calibra
tion. Using potentiometer (B) it is only possible 
to shift the read-out linearly over the whole 
range. 

Daily calibration is made by burning LECO-standard 
rings. The read-out is adjusted with potentiometer 
(B) to the value ot those rings. If the value of a 
sample is different from the value of the cali
bration rings it happens that owing to nonlinearity 
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of the measuring cell signal the read-out differs 
fro«, the real value. Because there arc no LECO 
rings covering the range of our saaples we intro
duced the following procedure: after the daily cali
bration using a LECO standard ring tungster; carbida 
is analysed the sample weight of which is adjusted 
so that the read-oct corresponds approximately to 
that of our carbide saaples. The results of the car
bide analysas are then corrected by the factor found 
for tungsten carbide. 

Example: tungsten carbida nominal >'alue 6.11 \ C 
result of 
analysis 6,20 \ C 
correction 
factor 0.966 

uranium carbide nominal value 4,80 \ C 
NUKEfl result of 

analysis 4.SS \ C 
result corr. 4.81 % C 

Another problem in connection with the carbon 
analysis was the question about a possible reaction 
of the carbide with 0 2 and HjO contained In the 
N_-atmosphere of our box. Since the N2 of the LEC0-
box is not cleaned and recycled its O2 and t+jO 
content is much higher than 10 pom. Samples are 
often weighed in the crucible one day and analysed 
only the next day. It was uncertain whether the car
bide would react during this time and the carbon 
content would change. An experience under drastic 
conditions was performed: a carbide sample was con
tacted with a H20-saturated air-atmosphere and the 
carbon content determined before and after the 
exposure. 

Analysis before exposure: 5,10 % C 
Analysis after 17 h exposure: 5,06 % C 
Analysis after 48 h exposure: 5,08 % C 

As the results show there was only a minor variation 
in the carbon content. It can be concluded that in 
our box atmosphere the alteration of the carbon con
tent of carbide samples during 24 h is negligible. 
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