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Introduction 

Cementitious material is a commonly used wasteform for low and intermediate level 
radioactive waste, and comprises a major part of both structural components and barriers in 
many repository concepts. When exposed to water, cement-based barriers and wasteforms are 
expected to degrade by mechanisms involving both chemical and structural changes. 

The research program addresses several aspects of these processes, including the leaching 
of the wasteforms, water transport properties, as well as the effect of high pH cement leachates 
on the chemical and physical properties of surrounding materials (including clay barriers and 
host regolith materials). The current paper emphasises the role of diverse characterisation 
techniques, particularly the integration of neutron based methods in elucidating the physical 
properties of cementitious materials and their effect on water transport. 

SEM studies of wasteform durability 

A standard method of studying nuclear wasteforms involves sectioning the material and 
examination with electron microscopy. As part of our research program, we investigated the 
aqueous durability of a possible candidate wasteform for Australian radioactive waste. A series 
of medium term (up to 92 months) durability tests, without leachate replacement, was 
conducted on samples of this wasteform. The wasteform was made from cement, ground 
granulated blast furnace slag and a simulated waste liquor. The wasteform was an 
inhomogeneous mixture containing calcite, a calcium silicate hydrate phase, hydrotalcite and 
unreacted slag particles.  

The unleached samples were white in colour on the surface, but dark grey and mottled on 
the interior. Optical microscopy showed the white surface layer on the cement cylinders was 
approximately 800µm deep. The surface of the samples was smooth with no signs of cracking. 
After leaching, irrespective of the leaching period (1, 3, 6 or 92 months), the specimens exhibited 
cracking on the surface and a deterioration of their structural integrity. 

Scanning Electron Microscopy (SEM), incorporating Energy Dispersive X-ray Spectrometry 
(EDS), was used to characterize the unleached specimens and those leached for 92 months. SEM/ 
EDS showed a high degree of inhomogeneity in the wasteform (see Figure 1). EDS analysis was 
variable and the back-scattered electron images divided components into three groups - 
unreacted slag, reacted slag and cement matrix (including calcite). From a wasteform point of 
view, the matrix is the primary phase for waste encapsulation thus the focus of the SEM/ EDS 
investigations. 

The cement specimen leached for 92 months exhibited corrosion to a variable depth, on 
average about 80 μm (see Figure 1). Analysis by EDS was carried out on a few areas within the 
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altered zone, and distal to the zone for comparison of elemental composition. The most notable 
feature was the decrease in Ca content within the corroded zone, dropping on average by about 
10 wt% compared to that in the unaltered zone. The Ca content within the unaltered zone was 
similar to that of the matrix in the unleached wasteform. Concentrations of Al and Si in the 
leached cement matrix (both within and outside the altered zone) were not significantly 
different from that of the unleached wasteform. These observations reflect a dissolution front 
which leaves behind a zone of decalcified CSH surrounding an uncorroded core [1]. 

Figure 1: SEM photomicrographs of unleached (left image) and leached (right image) specimens (both 
x500 magnification). Composition is primarily slag particles in a cement matrix. Porosity caused by 

leaching evident to a depth of about 80 µm (shown by white arrow). 

  

Water ingress properties determined by neutron radiography 

The technique of neutron radiography provides a non-destructive method to quantify water 
movement in cement, and enables comparisons between cementitious materials having 
different compositional and structural/physical properties. We investigated the applicability of 
this technique to a number of samples of interest in the present study, including cement pastes 
and several mortars with water:cement ratios (w:c) of 0.42 and 0.80. Neutron Radiography (NRad) 
provides similar images to X-ray radiography, but whereas X-ray attenuation is dependent on 
atomic number, neutrons are efficiently attenuated by specific elements, particularly hydrogen 
rich materials such as water or organic matter. The visibility of water is a key attribute for our 
current application. 

In each case, samples were covered in aluminium tape except for one end-face to facilitate 
water transport in one direction only. The cylinders were partially immersed to a depth of about 
2 mm so that the uncovered face was in constant contact with tap water at room temperature. 
At pre-defined time intervals, samples were removed from the water, weighed and transferred 
to the NRad facility to collect radiographic data. The facility equipment was arranged so that the 
sample remained partially immersed during data acquisition. The NRad facility has been 
described elsewhere [2] and in a single neutron radiograph the images came from a 5 second 
exposure time with a spatial resolution of 0.094 mm/pixel. Water contents were computed from 
the image using procedures already published [3]. 

A time series of neutron radiographs for one of the mortar samples (w:c = 0.80) is given in 
Figure 2, showing the progressive ingress of water within the sample. These data can be used to 
compute sorptivity relationships as has been discussed previously [4]. 
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Figure 2: Neutron radiographs depicting water front movement as a function of time through  
the mortar with w:c of 0.80. 

 

 

Neutron tomography measurements of pore volume distributions 

Neutron tomography provided cross-sectional images of the cement samples from 
transmission data, obtained by irradiating each sample from many different directions. In the 
present work, the macro-pore distributions were constructed using the neutron tomography 
data. Figure 3 presents macro-pore volume distribution graphs as a function of depth within the 
sample for the two cement pastes studied (w:c = 0.42 and 0.80 respectively). In these figures, 
each data point indicates a detected pore with the indicated volume. Thus the density of points 
reflects the number of pores and their spread indicates the size distribution. The plots show the 
relationship of higher porosity with higher water content of the cement paste. 
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Figure 3. Pore volume distribution of samples as determined by neutron tomography. Note the observed 
differences between the two samples reflecting the effect of the w:c ratio 
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Summary 

The physical properties of cementitious materials (both wasteforms and barriers) are 
critical in determining the long-term behaviour of nuclear waste repositories. Chemical leaching 
tests and analyses by techniques such as electron microscopy can be augmented by neutron 
radiography and tomography. These methods provide a useful non-destructive method of 
determining properties related to water transport in cementitious materials, in particular the 
sorptivity and pore size distribution. 
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