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Abstract

An isotope mass fractionation model for thermal ionisation mass spectrometry (TIMS) based on transport modelling ¢
uranium in platinum was applied to filaments with diffusion controlled emission. The diffusivity of uranium in platinum at
different temperatures was determined by fitting signal data from uranium measurements to the diffusion model. By combinir
these data, an activation energy and a frequency factor for the diffusion of uranium in platinum was obtained. These data w«
then used to predict the fractionation of uranium as a function of titt®, The results from the model were compared with
experimental fractionation data. A small and constant difference between the predicted and the experimental fractionati
was observed. This residugifactor (K,eg) that the model did not account for was found to be 1.0055. (Int J Mass Spectrom

216 (2002) 203-208) © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Isotope fractionation in mass spectrometry is a pro-
cess that is not fully understood. However, to achieve
both a high accuracy and a low uncertainty in mass
spectrometric analysis, the magnitude of the fraction-
ation must be well known. Usually the magnitude of
the fractionation is obtained by measuring the ratio of
two isotopes for a material with a certified isotopic ra-
tio. This will give the magnitude of the fractionation,
but it will provide no information on the processes
taking place within the measurement system.

Basically, isotope fractionation in mass spectrom-
etry is controlled either via an evaporation or a
diffusion process. Gonfiantini et al. [1,2] modelled
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the gas inlet system in a gas mass spectrometer.
They could predict the fractionation quantitatively
for about 15h of measurement. A fractionation
model for an evaporation controlled process in ther-
mal ionisation mass spectrometry was presented by
Habfast [3]. Fractionation of methane in forest soil
due to a diffusion process was described by Reeburgh
et al. [4].

In this work, the diffusivity of uranium in platinum
within a filament with a diffusion-controlled evapo-
ration process was measured. Knowing the diffusion
coefficient for the uranium isotopes in the system, the
fractionation as a function of time can be calculated.
The result of the fractionation from the model is com-
pared with experimental data obtained by measuring
the fractionation of uranium deposited on rhenium
filaments covered with a platinum layer.
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2. Theory

A diffusion process can be described by Fick’s sec-
ond law of diffusion [5]. This diffusion equation can
for the one-dimensional system be written as

azc
Bx
whereC, is the concentration of the diffusing sub-
stance at distanoeandD (m?/s) is the diffusion coef-
ficient of the diffusing substance. Hel®,is assumed

to be time-independent. For the geometry used in this
work, the solution to Eq. (1) was given by Rec et al.

[6]. The fluxJ at the surfacé for the geometry valid
in this work is
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whereSthe source term (number of atomk)he total
thickness of the source artilis the distance to the
source fromx = 0, see Fig. 1.

TheK-factor for correction of mass fractionation in
mass spectrometry is defined as

K==
.
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where R is the calibrated isotope amount ratio and
r is the observed uncorrected ratio. Furthermore, the
observed ratio i = I1/1> wherely is the intensity
from isotope 1 and; is the intensity from isotope 2.
We now assume that there is no fractionation between
the source (the filament) and the detector, e+ J1

and > = J». For uranium this gives

J238(7)

J235(1)
In this equationKsourcdt) is the fractionation in the
filament due to the diffusion process adghg(t) and
Jo3s5(t) the fluxes of?38U and?3°U atoms at the fila-
ment surface given by Eq. (2). The diffusivity of the
diffusing species is one parameter in Eq. (2). In this
work, the diffusivity of 238U was obtained by fitting
the model, Eq. (2), to experimental signal dddagzs
was then calculated from [7]

[m238
D235 = D23g
m23s

The temperature dependence of the diffusion can be
described with an Arrhenius expression

D(T) = Dge Ea/RT

Ksourcd?) = 4)

R235/238

®)

(6)

where Dy is the frequency factorz, the activation
energy for the diffusion process aRds the universal
gas constant.
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Fig. 1. Schematic picture showing the geometry of the modelled system.
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3. Experimental uranium is first co-plated with platinum, and then a
thicker layer of platinum is plated on top of the first
All TIMS measurements were performed with a layer. The thickness of the second layer of platinum is
modified version of a mass spectrometer originally theoretically 2650 A, whereas the thickness of the first
developed at the National Bureau of Standards (NBS) uranium/platinum layer is about 1000A. In the cal-
[8], now National Institute of Standards and Tech- culations, the thickness of the source was assumed to
nology (NIST). This TIMS instrument, known for be 3150A, i.e., half of the thickness of the first layer
its stability, has an analyser curvature of 30.5cm was added to the over-plated layer in the calculations.
and a deflection angle of 90 Filaments with a
diffusion-controlled emission were prepared by elec-
trodeposition according to Perrin et al. [9]. Depend- 4. Results and discussion
ing on signal strength, measurements were carried
out in peak-jumping mode using either a Faraday 4.1. Diffusion modelling
detector or using a pulse counting system with an
electron multiplier. The signal curves used for fitting  The diffusivity of 233U was determined at four dif-
the diffusivity of 238U were obtained by measuring ferent temperatures in the interval 1620—-17C0Ex-
electroplated filaments loaded with the certified iso- perimental signal data at 165G fitted to Eq. (2)
topic reference material (CRM) IRMM-184, whereas are shown in Fig. 2 The diffusivity evaluated from
the K-factor measurements was done using the CRM this measurement was1l x 10-1"m?/s. The fit at
IRMM-072/6. This material has &3°U/238U ratio 1710°C is shown in Fig. 3. The Faraday detector was
close to 1 to rule out any major problem on the de- used in this measurement as well as in the experi-
tector side when the pulse counting system was usedment at 1680C. Pulse counting was used at lower
although this system has been well characterised [10]. temperatures. From this measurement a diffusivity of
The geometry of the electroplated uranium/platinum 5.55 x 10~ mé2/s was evaluated. From data evalu-
was not optimised to the solution to the diffusion ated at different temperatures the activation energy for
equation, Eq. (2). In the loading procedure used [9], the diffusion 0f238U in platinum was found to be
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Fig. 2. Experimental and modelled data for U signal atT = 1650°C.
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Fig. 3. Experimental and modelled data for ##8U signal atT = 1710°C.

8274+ 90 kJ/mol using Eq. (7). The Arrhenius plot is problem, the calculation & at 1625°C (the tempera-
shown in Fig. 4. The evaluated Arrhenius expression ture for the experimenta{-factor determination) was
for 238U diffusion in platinum is then therefore instead done using

D(T) = 3.33 x 10° x e~ 827x10%/RT (7)  D(T) =414x 10717 x g 8P IF/RT-Ten (g

When extrapolating to AT = 0 a frequency factor = whereT,ef was set to 1700C. The uncertainty in the
Do = 3.33 x 10°m?/s is obtained. However, the un- activation energy is the same, since it is characterised
certainty will in this case be very high. To resolve this by the slope of the regression line shown in Fig. 4. The
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Fig. 4. Arrhenius plot for the diffusion of*U in platinum in the temperature interval studied. An activation energy of489® kJ/mol
was evaluated from the slope.
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value for the frequency factor in Eq. (8) is obtained by 1.0055. This residual correction factor is per mass unit
extrapolating to 1(T — Te). With this approach the  in the same range as for silicon using a gas mass spec-
uncertainty in the frequency factor for the diffusion trometer [12]. The origin for this residual fractionation
process using Eqg. (8) is much lower and about 15%. is not known. Fractionation from static (time indepen-
dent) processes in TIMS is normally much smaller
4.2. Fractionation than fractionation from dynamic ones [3]. Examples
of static processes within a mass spectrometer system
The fractionation as a function of time, Eq. (4), was are the ionisation on the surface of the filament and
compared with experimental data obtained by measur- transmission in the ion optics. Fractionation due to dif-
ing the amount ratio of the uranium isotope reference ferent ionisation probabilities should be the same for
material IRMM-072/6 [11]. These measurements were different isotopes of the same element on a°l@vel
performed at a temperature of 1625. The experi- [13].
mental data are the average of four different measure- Sources which could cause in the residual devia-
ments. Fig. 5 shows the experimental data together tion, apart from unknown fractionation processes, be-
with the fractionation predicted by the model. A con- tween model and experimental data are for example
stant discrepancy of a factor of 1.0055 between the the correctness of the model, e.g., violation of bound-
model and experimental data over 2 h of measurementary conditions, and the calculation of the diffusivity of
could be observed (Fig. 6), i.e., if the total correction 235U using Eq. (5). Since this equation only is an ap-
factor for fractionation during measurement as a func- proximation [7] it may contribute significantly to the
tion of time is written as observed deviation. Furthermore, the filament ribbon
material is from rhenium, which means that the dif-
Kiot(1) = Ksourcd?) Kres(?) © fusion back into the filament ribbon is slightly differ-
where Kieqt) is the residual fractionatiorkedt) is ent from that into the forward direction. However, no
constant over the 2h of measurement and equal totime-dependent deviation between experimental and
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Fig. 5. Modelled and experiment#l-factors vs. time for electro-deposited uranium filaments. The solid lines is the model (with upper
and lower limits). The experimental data (circles) are the average of four different filaments with a standard uncertainty which is covere
by the size of the circles. The experimenkafactor determinations were done at 1625
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Fig. 6. Discrepancy between experimental data and the model.

modelled data could be seen, which indicates that the References

model can be used to predict the behaviour of the
fractionation.

5. Conclusions

A model predicting fractionation in filaments with
diffusion controlled emission for TIMS measurements
was used successfully to predict the fractionation
behaviour of uranium sources deposited on rhenium
filaments and covered with a layer of platinum. A
constant, but residual fractionation of about 1.0055
was observed. This residual fractionation could come
from a combination of static discrimination processes
within the mass spectrometer system.
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