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Abstract 

 

A preliminary investigation of bentonite structure using Small-Angle X-ray Scattering (SAXS) and 

Transmission Electron Microscopy (TEM) is presented. Three types of clay were used: unchanged 

MX-80 bentonite and purified clays with sodium or calcium ions. Quantitative information in nano-

scale – basal spacing, mean crystallite size - was obtained from SAXS, which was complemented by 

TEM to give qualitative information from micron to nanometre scale. 

 

Introduction 

 

This abstract presents the initial results of on-going studies of bentonite structure using Small-Angle 

X-ray Scattering (SAXS) and Transmission Electron Microscopy (TEM). Three types of water satu-

rated clay compressed to a dry density of 1.3 g·cm
-3

 were investigated: unchanged MX-80 bentonite 

and purified clays saturated with sodium or calcium ions. The purification was based on the method by 

Tributh and Lagaly (1986). 

 

SAXS 

 

SAXS measurements were performed at the University of Helsinki. The measurements were done with 

two different set-ups, i.e. with large sample-to-detector distance (smaller q-range) and smaller sample-

to-detector distance (larger q-range). The clay sample was a disk of water-saturated MX-80 bentonite, 

5 mm in diameter and 0.5 mm thick, cut out of a larger pellet. During the measurement it was kept in a 

sample holder tightly sealed with Mylar foil. 

 

The results presented in Figure 1 show the character of the montmorillonite nano structure, which is 

known to form from montmorillonite platelets stacked together. From the scattering profiles it can be 

seen that there are some small differences between the samples. The differences are most visible in the 

peaks: the profiles showing sharp and clear peaks are related to better lamellar order. Those profiles 

showing weak and broad peaks are related to smaller crystallites and worse lamellar order. Broadening 

can also be related to small peaks from different basal spacing that overlap the main peak. In one of 

the samples, the effect of drying can be seen, as with time the diffraction relating to the lamellar dis-

tances splits into two peaks.  
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As can be seen in Figure 1, the different peak shape of the samples may be interpreted such that the 

MX-80 sample has a higher order in the nano-scale than purified clays. The Na- and Ca-clays seem to 

have smaller stacks of platelets but also their basal spacing can have larger variations than the spacing 

in the MX-80 sample (the basal spacing has wider distribution than when the peak splitting occurs). 

The strong correlation peaks for all the samples correspond to a distance of 19.4±0.3 Å. 

 
Figure 1. Scattering profiles of all the samples; the curves are shifted in intensity for clarity of 

the image. At small scattering vectors the power law can be fitted. All the samples obeyed the 

power-law between -2.5 and -2.8. At larger q-values the diffraction from the lamellar structures 

is seen. The MX-80 sample shows the most distinct peaks which are strongly present also as 

higher order peaks.  

 

 
Figure 2. Peak splitting when the sample is drying – Left figure: Unexpectedly the correlation 

peak of the Ca-montmorillonite sample split into two peaks during the measurement. At the 

same time, it can be seen that the main peak is shifted from 0.33 Å
-1

 (corresponding to 19.0 Å 

basal spacing) to 0.34 Å
-1

 (18.5 Å). Right figure: The positions of the fitted peaks are 0.339 Å
-1

 

and 0.392 Å
-1

 which corresponds to distances of 18.5 Å and 16.0 Å, respectively. 
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As can be seen in Figure 2, splitting of the peak during the measurement was observed. This is inter-

preted as drying of the sample due to a fault in closing the sample holder. 

 

TEM 

 

Transmission Electron Microscopy was performed on 90 nm thick sections of epoxy embedded ben-

tonite clay. Prior to embedding, the clay had been high pressure frozen (Studer et al. (2001)) with a 

Leica EM Pact machine and vitreous ice was freeze-substituted first with acetone and finally low-

viscosity Epon resin. The samples were cut using microtome and imaged with an FEI Tecnai 12 mi-

croscope at a working voltage of 120 kV. 

 

Correct interpretation of the TEM micrographs is not easy as they are shadowgrams that may addi-

tionally contain various artefacts originating from freezing, substitution or sectioning. Looking at Fig-

ure 3, the influence of the purification procedure on the clay structure seems to be evident. The struc-

ture of the MX-80 sample is more aggregated, containing larger pores, whereas purified clays appear 

to be more homogenous. 

 

 

 
Figure 3. Comparison of micrographs of original MX-80 clay and two purified clays. In the im-

aged areas, calcium montmorillonite seems to be more homogenous, whereas the MX-80 sample 

has clearly visible pores and denser clay areas. From the left: MX-80, Na – exchanged mont-

morillonite and Ca – exchanged montmorillonite. Upper row: magnification of 890x, lower row 

13000x. 

 

 

Figure 4 shows segmentation of the grey-scale image into four components using ImageJ (Abramoff et 

al. (2004)) software. This facilitates perception of phases of different densities in the system and 

clearly shows the thresholds used. 

a b c 

f d e 
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It should also be noted that, due to the small area of observation, one should avoid drawing far-fetched 

conclusions based on this method alone. Nevertheless, information acquired here can be an interesting 

support for hypothesis based on other methods.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Micrograph of MX-80 bentonite 

(from Figure 3a) segmented into four compo-

nents. Blue colour corresponds to accessory 

minerals and denser clay regions, green to 

less dense clay, red to epoxy and yellow to 

empty spaces and thinner parts of the section. 

 

 

Summary and Conclusions 

 

SAXS seems to be a more reliable source of quantitative data than TEM. SAXS gives the averaged 

information about basal spacing. TEM in this study gives more qualitative information, but in a greater 

resolution range. The presented work is a starting point to combine more methods to obtain a better 

idea of bentonite structure. 
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