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INTRODUCTION

Cement is often used to condition and encapsulate low level radioactive waste before it is
disposed of in a repository. Ground water can attack these waste-forms by transporting
aggressive ions into the cement paste and by removing radioactive ions from the paste. The
extent of the attack will be governed by the diffusion of the ions in the cement paste. In this
study we examine the migration of aggressive carbonate ions and inactive Cs and Sr through
cement pastes. The use of SIMS for establishing the penetration depths and diffusion profiles
for Cs and Sr in cement will be explored.

Atkinson et al [1,2] have examined the leaching of Cs & Sr from cement and shown that the
addition of a zeolite increases the binding of the Cs and Sr to the cemented matrix. Atkinson
[1] measured the penetration profile of Sr and Cs in cement paste and from this calculated
their diffusion coefficients. However, the penetration profile in pastes containing zeolites were
not measured. In this paper we examine the penetration profiles of Cs and Sr in a non-zeolite
cement paste and compare these to those of a paste made with zeolite.

EXPERIMENTAL

The durability of cement paste in water has previously been studied by Revertegat et al [3]
who circulated demineralised water over the paste for extended periods while acids such as
CO2 were bubbled through the water. This technique was used to expose samples of cement
to carbonated water for 6 weeks. A small sample (20 mm long, 5mm wide, and 2mm thick)
was cut from the sample, polished and gold coated. The carbon content of the cement was
measured from the leach front to a depth of 5.5 mm into the cement at analysis intervals of
1.5mm using SIMS. A lOkV cesium primary ion beam of l-2nA was focussed to a spot of
around 5[im and rastered over an area of 250um x 250|4.m. Negative secondary ions of *H,
12C, 16O, ^ a , 28Si, 32S and 39K were detected. To minimise edge effects only ions from a
60um analytical area within the crater were selected for detection.

In another series of experiments the diffusion profiles of Sr and Cs through cement paste were
measured. Two different cement pastes were prepared one being a normal Portland cement
and the other with the addition of 35% Werris Creek zeolite. A solution of 0.6 molar Cs and
Sr nitrate was allowed to diffuse into cement paste for 27 days. After drying at 60 °C an
unpolished slice (6 mm long, 6 mm wide and 1 mm thick) was cut from the paste for study by
SIMS. A 12.5kV O" primary ion beam of lOOnA was focussed to a spot of ca 50|im and
rastered over an area of 50um x 50(im. Ions from an analytical area of 30|im within the
sputtered crater were selected for detection. Moderate energy filtering was utilised as a means
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of suppressing molecular interferences. Positive secondary ions of 27A1, 28Si, ^Ca, 48Ti, 56Fe,
Sr and Cs were profiled. One slice of cement was specifically selected in order to assess

the imaging capabilities of the Cameca on this particular substrate. This sample was polished
to diamond grade and gold coated as the previous samples. For the imaging experiments a
12.5kV O" primary ion beam was focussed to a small spot of around 5jxm corresponding to a
primary current of ~ 4nA. The instrument was operated at full transmission in order to
maximise detection. Molecular interferences on the peaks of interest were suppressed using
moderate energy filtering.

RESULTS

The cement paste that was exposed to the carbonated water had an obvious leach front about
1.5 mm deep from the surface. Following Glasser [4] we would expect this surface layer to
consist of a silica rich layer from which calcium had been removed. In theory, beneath this
layer the cement should be strongly carbonated. The SIMS analyses confirm this
interpretation. A maximum carbon concentration was observed at approximately 1.5mm from
the leach front.

Figure 1 displays the SIMS concentration profiles for Cs and Sr as measured in the Portland
cement paste. The cesium has penetrated the cement to a depth of around 2mm. The
strontium is not detected by SIMS beyond a distance of approximately lmm.
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Figure 1 Concentration profiles for cesium and strontium in Portland Cement as measured by SIMS

Figure 2 displays the SIMS concentration profiles for Cs and Sr as measured in a zeolite-rich
cement. The strontium has penetrated to a detectable distance of around 1-1.5mm. The
concentration of cesium from spot to spot is more variable. A general trend similar to that
seen in Figure 1 is observed and a reduction in the number of cesium ions detected is apparent.
In the zeolite-rich cement the cesium drops to SIMS detection limits at around 1.5mm.
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Figure 2. Concentration profiles for cesium and strontium in a zeolite rich cement

Ion imaging experiments demonstrated the heterogeneous and fine-grained nature of the
cement matrix. Images acquired for various species, including Cs and Sr, illustrated this
heterogeneity showing that within a 250um x 250um area there are regions within which both
high and low Cs & Sr concentrations occur.

DISCUSSION

The heterogeneous nature of the cement samples was perhaps the most difficult aspect of the
study to be overcome. The SIMS sampling area was small (50-250um), and imaging and
optical investigations had both clearly indicated that the heterogeneity was on a smaller scale
than this sampling area. The effects of the non-homogeneity was most pronounced in the
study of the zeolite rich cement where the cesium has preferentially accumulated in the zeolite
material. When the sampling area intersected a zeolite rich area anomalously high cesium
concentrations were encountered. This results in the more variable Cs concentrations
observed in Figure 2.

SEM has also shown that Cs is preferentially adsorbed into the zeolite in a non homogeneous
manner. The Cs concentration is unevenly distributed in the zeolite with some parts
apparently being devoid of Cs. This is reflected by the penetration profile of Cs in the zeolite
where some regions are rich in Cs. When these regions were removed from the profile it
could be fitted to the equation in Atkinson's paper [1] by least squares to give a difiusion
coefficient that was indistinguishable to that fitted to Cs in cement paste. It would appear that
there is no measurable difference between the diffusion coefficients of Cs in cement paste and
in a zeolite cement paste.
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