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Bestimmung von Kohlenstoff, Sauerstoff und Stickstoff in Nitrid

1] PAUL SCHERRER INSTITL

3estimmung von Sauerstoff und Stickstoff

Messparameter TC-436:

Purge time:
Outgas pwr.:
Analyze pwr.:
Graphit Tiegel

Blank (1 Sn-Kapsel)  N:
0O:

15 S
1000 A
950 A
775-433/775-431
<0.1 ppm

61%15 ppm

Abhiingigkeit der Extraktion in Funktion der Temperatur (N-614)

QOutgas pwr, (A) 850 900 950 1000
Analyze pwr. (A) 800 850 900 950
Temperatur (°C) 1900 2000 2100 2200
Anzahl Analysen (n) 4 10 20 8
Sauerstoff (ppm) 625+90 6711106 646143 5781441
Stickstoff Py | 3.20+0.40 5.30+0.17 5.65+0.12 5.70+0.13

/orlagen / Laasphe Folie6.doc

20, Oktober 1999 /KZ43




[7:=]]  PAUL SCHERRER INSTITL

Anderung der Gitterkonstante a U(N,.C,) in Funktion
der Kohlenstoffkonzentration [C]
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PAUL SCHERRER INSTITUT

Method:

-
i

QO N W) Ul 4= W v

. step:
step:
step:
step:
. step:
. step:
. Step:
. step:

heating RT - 250 °C (50 °C/min); Atmosphere.: N, (50 cm®/min)

isoth. heating (30 min, 250 °C); Atmosphere: N, (50 cm*/min)

initial weight at 250 °C (W4, ca. 100-200 mg)

heating 250 - 850 °C (50 °C/min); Atmosphere: air (50 cm*/min)

isoth. heating (130 min, 850 °C); Atmosphere: Ar/H (8%) (50 cm®/min)
cooling 850 - 250 °C; (~20 °C/min) Atmosphere: Ar/H (8%) (50 cm>/min)
isoth. heating (20 min, 250 °C); Atmosphere: N, (50 cm®/min)

final weight at 250 °C (W,)

Calculations:

where:

File: G: kopajtic/ziatan/allgemein/vortragesHL meeting/ Folien 2-3

M
(W2 - Wl)' MM
O o
= 2000 -
4 = 200 -

W, = initial weight; W, = final weight;

Mn = mol weight metal oxide; Mg = mol weight oxygen

7. September 2000 / KZ43
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=] PAUL SCHERRER INSTITUT

slove-box version ICP-MS

3

le: G: kopajticizlatan/ailgemein/vortrige/Hi. meeting/ Folien 2-3

Extensive modifications of a commercial quadrupol [CP-MS
instrument (VG PlasmaQuad PQ2+, Winsford, UK) had to be
performed in order to provide the possibility of handling and
measuring highly toxic and radioactive samples in a glove-box.

The interface between the mass spectrometer and the torch-box is
connected to the electro-polished stainless-steel glove-box with a
special flange supplied by the manufacturer.

The enclosures are required to cover the sample separation and
introduction system (injection valve, separation columns, spray
chamber and nebulizer, waste container), the torch-box and the
work bench. All gas inlets into the glove-box, the vacuum line
between interface and the rotary pump, and the ventilation
Iinlet/outlet are equipped with absolute filters in order to prevent
possible radioactive contamination of the environment.

7. September 2000 / K243
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E =] PAUL SCHERRER INSTITUT

ARIANE - International Programme
Actinides Research In A Nuclear Element

Aflotivation:
- Introducing a new and faster method at PSI for the burnup determination: Coupling a HPLC
(element separation) with an ICP-MS (nuclide detection)

- Methods development for the accurate determination of a wide series of actinides and
fission products

- Quality assurance by analyzing the same samples in different laboratories

soal:

o provide improved knowledge of the inventories of actinides and fission products in U0, and
-AOX fuels irradiated at various burnups for PWRs and BWRs

nternational Collaboration:
- International project managed by Belgonucléaire (participants: B, CH, D, JP, NL, UK, USA)
~ Chemical analyses in three laboratories (ITU in Karlsruhe, SCKeCEN in Mol, PSI)

lesults:

Recommended and accurate values for nearly 50 nuclides in irradiated UO, and MOX fuel at
different burnups (40 to 60 GWd/tM)

= Improvement of the data base for the calibration of source term codes for high burnup
conditions and MOX fuel recycling scenarios

-#OR FUR WERKETOFFVERHALTEN ARIANE-NES-FOKO 7 27. September 2000 / WEB43
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PAUL SCHERRER INSTITUT

Determination of the nuclear burn-up by HPLC-ICP-MS

The determination of the burn-up in an irradiated nuclear fuel is

an important parameter for the design and operation of nuclear
power reactors.

The experimental determination of the burn-up in an irradiated
nuclear fuel is accomplished by analysing the number of

uranium, piutonium and neodymium atoms. "Nd is used as
burn-up monitor for the calculations.

Numerous isobaric overlaps restrict the direct determination of
actinides and fission products by mass spectrometry. Therefore,

an extensive chemical separation for a number of elements is
required.

7. September 2000/ KZ43
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j PAUL SCHERRER INSTITUT

o Since the concentrations of these elements are determined by
isotopic dilution analysis, the separation has to be done twice:
once for the unspiked sample and once for the spiked sample.

e The classical methods involve extensive and very time-
consuming separation steps for Nd, U and Pu, resulting in a

great risk for contamination of the sample and a high radioactive
dose for the operator.

e Therefore, high-performance liquid chromatography (HPLC)
technique, coupled on-line with an ICP-MS is used in our

laboratory for the determination of nuciear burn-up as routine
method.

ile: G kopajtic/zlatan/allgemeinivortrage/HL meeting/ Folien 2-3 7. Seplember 2000/ KZ43
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[_T_— — PAUL SCHERRER INSTITU

Jetermination of the nuclear burn-up

FIM 4 = N
| N

wvhere: FIMA fission per initial metal atoms) = burn-up

Ne = number of fissions: N’y = number of initial atoms

» Absolute values for the burn-up of nuclear fuel samples may not be

presented in this paper due to an agreement between PSI and the
participants of the project.

» Comparative measurements of the burn-up between the classical
TIMS technique and the newly developed HPLC-ICP-MS show that
the results obtained have a comparable accuracy. However,

considerable differences are found comparing the precision of the
data.

‘ile: G: kopajtic/zlatan/allgemeinfvorirdge/HL meeting/ Folien 2-3 7. September 2000/ KZ43
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Comparison with the multi-collector systems

In the classical burn-up determination technique the isotopic
composition of the elements is usually measured (TIMS). The
advantages of TIMS are: 1) a very stable ionisation process; and 2)
the possibility to perform simultaneous measurements of each
isotope of the element using a series of Faraday cup detectors.

The limitations of the quadrupol ICP-MS method are the higher
instability of the ionisation process in the plasma and the
sequential measurement technique using only one detector.

In order to compare the performance of the different mass
spectrometric methods for the determination of the uranium
composition two uranium solutions with different isotopic
composition were prepared using an IRMM-040a **’U spike

solution, IRMM-110 (UO,) reference material and NBS-U-500 (U;05)
standard: **U: U :®U=1:11and ®U: U =1:2.

‘1ie! G: kopajticizlatan/aligemeinfvortrége/HL meeling/ Folien 2-3 7. Septernber 2000/ KZ43
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PAUL SCHERRER INSTITUT

Jetermination of the isotopic composition of an uranium
«.tandard mixture **°U

28y 1 2.

233U 234U 235U 236U 238U
at. (%) at. (%) at. (%) at. (%) at. (%)
calc. val. 35.1291 0.3289 0.2822 0.0174 64.2424

st. dev. (1s)

0.0756

0.0368

0.0058

" data are kindly provided by Dr. F. Oberli, ETH Ziirich

¢ le; G kopaijtic/zlatan/aligemein/vortrdge/HL meeting/ Folien 2-3
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