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Preface 

------
-------�

--

This book emerged gradually from discussions on clay mineralogy with 

visiting scientists at the Macaulay Institute. It was realized that to many such 
scientists clay mineralogy was a vital, but peripheral, component of their work, 

yet they were often in the position of having to study clay mineralogy from 

scratch. It became apparent that there was a need for an introductory text 

covering practical aspects of the main investigative methods in clay research. 

At the same time, such a text could also provide a useful compilation for 

scientists already familiar with the difficulties of investigating clay minerals. 

All but one of the contributors to this book are, or have been, associated 

with the Macaulay Institute. The Institute has a long and distinguished history 

of research into clay mineralogy and has numbered on its staff such eminent 

figures as D.M.C. MacEwan, G.F. Walker, V.C. Farmer and R.C. Mackenzie. 

Special mention must be made of Dr Mackenzie, however, because he fully 

appreciated the complex nature of clays, and was instrumental in initiating 
and encouraging a multi-technique approach in the characterization of these 

materials at the Institute. In a very real sense this book is a tribute to his work. 

Special thanks are due to the technical staff of the Institute who, in uncertain 
circumstances, did a magnificent job in providing much of the original 

material on which this book is based. In particular the authors are indebted 

to D.M.L. Duthie, D.R. Clark and Mrs L. Forsyth (X-ray diffraction), 
Miss J.L. Bunch and Miss C.J. Bruce (thermal analysis), A.R. Fraser and 

I. Black (infrared spectroscopy), Miss L. Mielewczyk (electron microscopy),
Miss S. Buchan (chemical analysis) and Mrs S. Ritchie and Miss M. Thom

(selective dissolution methods). We are also grateful to the Director,

Professor T.S. West, for allowing us to undertake and complete this book
with the minimum of formalities, and to Miss Y. Bisset for the not inconsider­

able labour of typing the manuscript.

MJW 
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1 Clays: their significance, properties, 
origins and uses 

P.L. HALL

I.I Introduction

To most of us the word 'clay' usually means a fine-grained material which 
when mixed with water becomes extremely plastic and mouldable. Yet clays 
have a much wider impact on our lives than many of us commonly realize. 
They form an important constituent of soils, where they exert a dominant 
influence on soil structure and plant nutrition. Clays are used for brick­
making, as fillers and coating agents in paper manufacture, and of course in 
ceramics. Their properties are complex and of great scientific interest, as 
indicated by the enormous amount of research on clays which has been 
undertaken by geologists, mineralogists, chemists, engineers and others over a 
considerable period of time. In this chapter, an introduction is given to the 
nature of clays and their fundamental properties, how they occur and are 
formed in nature, ,and some ideas of their use and importance. 

The term 'clay' is often (e.g. in soil mechanics) used in the restricted sense of a 
particle-size classification term for the natural constituents of soils and 
sediments. In this usage, clays describe a chemically very heterogeneous and 
structurally complex assemblage of colloidal particles, having mean diameters 
ranging from a few microns (µm) down to a few hundredths of a micron (a 
micron is one thousandth of a millimetre). Chemically, this complex as­
semblage consists of a considerable quantity of hydrous aluminium silicates, 
with lesser amounts of finely divided quartz, feldspars, carbonates, oxides and 
hydroxides (mainly of aluminium and iron) and organic matter. 'Clay 
minerals' refers collectively to the group of fine-grained hydrous silicates of 
aluminium (and also to some extent of magnesium or iron). When examined 
under the scanning electron microscope, these minerals are seen to consist of 
readily identifiable particles, which can have a variety of geometric shapes (flat 
or crinkly plates, ribbons, tubes or pods). Despite this variety of morphology, 
clays are closely interrelated in terms of their basic crystal structures, and also 
in the characteristic physical and chemical properties resulting from their 
crystal chemistry. 
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6 Transmission electron microscopy 

P.H. NADEAU AND J.M. TAIT 

6.1 Introduction 

6.1.1 General statement 

The transmission electron microscope (TEM) is a high-resolution instrument 

which provides information concerning the sizes and shapes of clay particles 
and aggregates. Clay materials are well suited for examination by TEM, 
because most specimens are composed of particles with planar dimensions I 0 
to 103 nm within the optimum operating magnification range, (103 to 105), of
these instruments. The construction of the microscope is analogous to the 
conventional optical microscope (Figure 6.1), but the electrons provide the 
illumination and electromagnetic 'lenses' condense the electron beam and 
magnify the specimen image. The strong interactions between electrons and 
matter require a high-vacuum environment 00- 2-10- 4 Torr) in the 

microscope column, ultrathin specimen support films (1-lOnm) and thin 
specimens ( < 100 nm). The instrument can also be operated in a diffraction 
mode, producing electron-diffraction (ED) patterns which are useful in 
determining the crystalline nature of clay particles and aggregates. Some 
instruments are also fitted with analytical systems which can determine the 
chemical composition of the specimen. Thus, the characterization of materials 
by TEM provides valuable information concerning the size, shape, structure 
and composition of clay particles on a scale which is not approachable by 

other analytical techniques. 

6.1.2 Historical development 

The first electron micrographs of clay materials were published by W. Eitel 
and his associates in 1940, these early studies being primarily concerned with 
the size and morphology of kaolinite and montmorillonite. The fibrous 

morphology of palygorskite (attapulgite) was observed by other workers in 

1942, and the tubular nature of chrysotile and halloysite in 1943. In addition, 
the problem of determining particle thickness using stereoscopic techniques, 

and the combination of ED with microscopy for the study of thermal 
modifications of kaolinite were also demonstrated. Thus, many of the 

capabilities of TEM for clay-mineral studies were manifest during this early 
period. 

209 







































View publication statsView publication stats

https://www.researchgate.net/publication/327594658



