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Abstract
Concentration - depth profiles were measured using Proton Induced X-ray Emission (PIXE).
These results were used as a measure of the Sr2+ retention abilities of each matrix. Ordinary
Portland cement (OPC) and cemented clinoptilolite samples were cured at 25°C, 60°C and
150°C. As expected, the Sr2+ penetration depth increased with increasing OPC cure
temperature. Surprisingly, the penetration depths of Sr2+ increased with the addition of
clinoptilolite to the OPC, however the increase in penetration depth was reduced in samples
cured at higher temperatures.

Introduction
Cement waste forms are often used to immobilise mixtures of Sr2+ and Cs+. The diffusion
phenomena of Sr2+ through cement and cement-zeolite matrixes are important to the
immobilisation of radioactive strontium within cementitious materials. The diffusivity of ions
through cementitious materials is affected by both the permeability of the material, as well as
the sorption and interaction of the ions with the matrix. It has been found that variations in
cement cure temperature cause changes to the products of the reactions occurring in setting
cement and cement - zeolite mixtures. This results in alterations to sample permeability and
to the sorption of ions within the matrix.

Cement based wasteforms are often used for the immobilisation of radioactive waste Sr2+ in a
low to intermediate concentration range. Sr2+ binds to cement, and to crystalline tobermorite,
which forms in cement systems cured above 100°C [1]. Zeolites such as clinoptilolite, which
bind with Sr2+ are often added to cement encapsulant systems [2]. However some calcium
hydroxide released as cement hydrates can react to destroy the zeolite and form calcium
silicate hydrate in the well-known pozzolanic reaction. The pozzolanic reaction has been
shown to increase with cure temperature [3].

2+This work compared the measured penetration depths of Sr between cement and cement -
zeolite systems in order to assess the amount of Sr + binding within the system.

Experimental
The cement samples were prepared from a single batch of OPC. Superplasticiser was added to
ensure workability of the cement samples, which were normalised to equal viscosities. The
cement zeolite samples were prepared, containing 50 wt.% zeolite from the Werris Creek
deposit in NSW. The samples were allowed to hydrate for 28 days. Cylinders approximately
35mm in length were cut from each sample. The cylinders were sandwiched between two
solution chambers, one containing 0.6M Sr2+, the other containing counter ions. Sr2+ diffused
from the left-hand cell chamber across the sample to the right-hand cell chamber. At the end
of a three-week diffusion period, a small sample was cut representative of diffusion in the
axial diffusion direction, for analysis by PIXE. Penetration profiles were measured using a
small diameter, 2.5MeV beam with a target current range of 1 - 2nA and with a 50u.m
aperture. This gave a beam of diameter approximately 50um and total charge of 0.192uC. A
perspex filter was used to absorb a large percentage of low energy X-rays, and avoided count
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rate interferences from the characteristic X-rays of Ca and Si, both of which are major
constituents of cement.

Results and discussion
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Fig. 1: Sr2+ penetration profile in 25°C - Fig. 2: Sr2+ penetration profile in 60°C -
cured OPC cured OPC

Penetration depths derived from Figures
1, 2 and 3 are given in Table 1. Table 1
showed that increased cure temperature
of OPC resulted in an increase in the Sr2+

penetration depth These results were
consistent with previous results [4] that
showed an increase in the permeability of
OPC with increased cure temperature

Comparison of Figures 4 with 5
illustrates the effect of cure temperature
on Sr2+ penetration in cemented zeolite.
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Table 1: Sr2+ Penetration in OPC cured at various temperatures.

Sample

25°C - cured OPC

60°C-cured OPC

150°C-cured OPC

Sr2+ penetration depth (mm)

0.3

1.0

11.0
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Fig. 4: Sr2+ penetration profile in OPC and F i g . 5 . Sr2+ p e n e t r a t i o n proflle i n 0 P C and
50 wt. % zeolite cured at 25°C. 5 0 w t % z e o ] i t e c u r e d a t 6 0 ° c

Table 2: Effect of zeolite addition on the penetration depth of Sr2+ in OPC cured at various
temperatures.

Cure temperature (°C)

25

60

Sr2+ penetration in OPC
with 50 wt. % zeolite

(mm)

1.4

1.6

% increase in penetration
depth upon zeolite addition

367%

60%

The increase in penetration depth of Sr2+ in OPC caused by the addition of zeolite was
thought to be caused by the higher water : cement ratio in the cemented zeolite samples.
Samples containing zeolite had a water : cement ratio of 0.52, which was larger than that of
the OPC samples which had a ratio of 0.32. An increase in the water : cement ratio of OPC
has been shown to result in an increase in sample permeability [4]. The fact that the increase
in penetration depth was not as prominent in samples cured at 60°C when compared to those
cured at 25°C, could be explained in two ways. The first was that the increase in cure
temperature accelerated the pozzolanic reaction, which would have resulted in the production
of cementitious material that may have reduced sample permeability [3]. The second was that
the pozzolanic reaction may have caused increased Sr2+ binding as this reaction has been
shown to cause the release of aluminium from the zeolite framework, and the addition of
aluminium phases into OPC has previously been shown to increase Sr2+ retention in OPC
systems [5].

Werris Creek zeolite has been shown to resist the pozzolanic attack of cement at room
temperature [6] and to retain more caesium than other zeolites. Stevenson [2] has shown that
the addition of this Australian zeolite helps cement retains more Sr. However the penetration
profiles results indicate that there is significant difference in binding between Sr and the
cement - zeolite cured at different temperatures. This effect should be better understood and
the cemented zeolite examined by XRD to find if the amount of pozzolanic reaction has
generated the differences postulated on the basis of the penetration profile results.

The results do show the applicability of the techniques introduced by Atkinson and Nickerson
[7] and modified by Siegele et al [8] for understanding the retention of ions such as Sr that
interact with the cement paste. These results can be used with the theory of Bertram et al [9]
to explain the variation of retention of strontium in cement pastes. Further work is now in
progress to model these results and obtain XRD of the samples.
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Conclusion
Increased cure temperature of OPC caused an increase in Sr2+ penetration thought to be
caused by an increase in sample permeability. The addition of zeolite also caused an increase
in Sr2+ penetration in OPC, and this was also thought to have been caused by an increase in
sample permeability. Without XRD information, no further conclusion could be made
concerning the exact effect of cure temperature variation on the retention of Sr2+ in cemented
zeolite.
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