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The hydration of bentonite generates microstructural changes that modify both its hydraulic and
mechanical properties. As a consequence, the evolution of porosity and microstructure influence greatly the
hydration transient state. Measurements and observations at this microstructural level are very important,
since they help in further understanding higher structural levels and their consequences on material
properties and behaviour under various hydro-mechanical stress state conditions. To accomplish the
complex issue of microstructural studies, several techniques have to be applied.

A very useful technique for the quantitative study at the microscale is mercury intrusion porosimetry
(MIP), since the range of pore diameters that can be examined (from 6 nm to 400 µm) is very wide. The
influence of various mechanical (loading) and hydraulic (wetting / drying) stress paths on the pore size
distribution of compacted bentonite was analysed. Some of the conclusions reached are:

• The pore size distribution is clearly bi-modal. The dominant values are 10 nm, which would correspond
to the pores inside clay aggregates that are not affected by the magnitude of the compaction load, and a

larger pore size, which depends on compaction degree and ranges from 20 µm (for ρd=1.68 g/cm3) to

30 µm (for ρd = 1.4 g/cm3). These larger voids would correspond to the inter-granular pores. Figure 1
presents a summary of the inter-granular pore sizes as a function of the dry density of the bentonite. The
boundary between the two pore size families is around 150-200 nm. The same pattern is found irrespec-
tive of the clay water content.

• There exists a significant pore volume into which the mercury cannot penetrate because it corresponds to
pores smaller than 6 nm, and it is the same irrespective of the density of the specimens.

• The inter-granular pores disappear when a clay slurry is compacted.

• After wetting of compacted samples, the hindered and latent inter-aggregate pore size mode emerges
(350 and 1100 nm). Simultaneously, and as a consequence of the constant volume condition during wet-
ting, inter-granular porosity is reduced, tending to its occlusion. Due to limitations of the method, the
evolution of the intra-aggregate pore size mode cannot be registered, but it is expected to increase on
wetting. The inter-aggregate mode that emerges due to saturation reaches systematic higher peaks on
wetting under constant load paths, in which the swelling strains are higher than the small strains imposed
under isochoric conditions. The changes due to wetting are more evident in samples with lower density.

• Heating of compacted bentonite at 150°C causes a certain decrease in the size of intra-aggregate pores
and small changes in the inter-aggregate and inter-platelet pore domains.

A systematic observation of some specimens that were used in the MIP was performed by means of an
environmental scanning electron microscope (ESEM). Although the observations mainly provide
qualitative information, the use of this technique is of interest to enhance the knowledge of the structure
changes due to wetting and drying paths. In the context of the study of swelling clay behaviour the most
relevant feature of the ESEM devices is the possibility of changing the relative humidity of the microscope
chamber in order to change the total suction of clay. This possibility allows visualizing the structural
changes in bentonite associated to the changes in water content. Nevertheless, it is necessary to take into
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account that during the observation, the samples are not confined, which makes difficult to observe the
occlusion of inter-granular pores due to the expansion of clay aggregates. Measurements of volume
changes in ESEM photomicrographs were calculated using digital imaging techniques. Some of the
conclusions reached in this study are:

• The consolidated slurries posses a uniform and homogeneous structure (matrix structure), in which peds
are not clearly distinguished and the pore size distribution presents a clear mode for diameter 0.4 µm, in
agreement with the MIP observations. The compacted sample, displaying an aggregated structure, shows
denser peds separated by pores of greater dimensions (inter-granular pores).

• The size of inter-granular pores is clearly bigger in compacted samples with smaller dry density.

• The wetting of compacted bentonite produces a qualitatively appreciable progressive occlusion of inter-
granular pores due to particle swelling. A decrease in the size of some voids can be observed.

• The changes occasioned by heating are small, and it is difficult to separate the effect of direct thermal
effects on mineral particles from the effect of shrinkage due to the loss of water, which is probably preva-
lent.

The measurement of swelling/shrinkage in the photomicrographs was complemented with the performance
of wetting and drying paths at macro-scale using the vapour equilibrium technique. Reversible and
irreversible features of both micro and macroscales are observed in Figure 2 for the same high-density
fabric. At microscale, strains are almost reversible, due to the nature of the physical and chemical
phenomena that take place at particle level.

Figure 1: Pore size mode for the inter-granular voids as a function of dry density

Figure 2: Swelling/shrinkage response at micro and macroscale for high-density fabrics.


