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Session 1/10

The Expansion of Soils Due to the Presence of Clay Minerals, 
as determined by the Adsorption Test
De l’expansion des sols due à la présence de minerais d’argile déterminée 

par l’expérience d’adsorption

by Er n e s t o  Pi c h l e r , Civil Engineer. Assistant Engineer at the Soils D ivision o f the “ Instituto de Pesquisas Tecnológicas”, 
Sâo Paulo, Brazil

Summary

The paper presents the results of a number of “Adsorption Tests ” 

carried out on mixtures of sand and different clay minerals. The 

apparatus and method employed are outlined and preliminary con
clusions concerning the application o f this test to the investigation 

of the clay mineral fraction (< 2 0 0  mesh) in soils are drawn. It is 
shown that the “Adsorption Test” is a valuable and inexpensive 

tool in any “ Soil Mechanics Laboratory” able to give information 

about the type of clay mineral present in the soil and the behaviour 

of that soil in contact with water.

Sommaire

Cet article présente les résultats d’un certain nombre d’essais 

d’adsorption faits avec des mélanges de sable et de minéraux d’ar
gile. Il décrit l’appareil et la méthode employés et donne quelques 

conclusions préliminaires concernant l’application de cet essai à la 

recherche de la proportion de minéraux d’argile (passant par le tamis 

200) existant dans les sols. Il montre que l’essai d’adsorption permet 
à tout laboratoire de mécanique des sols d’obtenir des données de 

grande valeur avec un appareillage peu coûteux. Les résultats in
diquent le type d’argile minérale présente dans le sol et permettent 
de prévoir le comportement de ce sol au contact de l’eau.

Introduction

The importance o f the study o f  the clay mineral fraction in 

cohesive soils in relation to problems o f Soil Mechanics, has 

been stressed by many writers and many efforts have been 

made to determine the character o f these clay minerals. U n 
fortunately the different means devised for their identification 

involve a complex technique, expensive apparatus and require 

the skill o f  experienced specialists.

Petrographic investigation scarcely ever results in more than 

guidance for other investigation. Chemical analysis, in par
ticular the determination o f base exchange capacity, will be o f  

help in special cases, providing useful data in connection with 

the results o f other tests. Differencial thermal analysis will give 

information about the behaviour o f a certain clay at certain 

temperatures and many times, but not always, an identification 

of the clay mineral may be possible. X-ray analysis will lead to 

an understanding o f the structural characteristics o f the clay 

mineral but it will not necessarily identify that mineral. The 

electron-microscope represents a powerful tool in the investiga
tion o f clay-minerals but it involves a very special technique

and requires expensive equipment. Infra-red analysis o f clay 

minerals, o f  more recent development, will provide important 

information concerning the infra-red absorption characteristics 

o f clay minerals.
A ll these different investigation methods are o f course of 

outstanding interest because only through them a thorough 

understanding o f clay and other related minerals will be pos

sible. In the field o f Soil Mechanics, the application o f those 

methods is however restricted to a very few laboratories, able 

to afford expensive equipment and able to maintain the 

necessary team o f  specialists. A ll the others, whenever they 

need som e additional data or the identification o f the clay 

mineral fraction o f a certain soil, will have to send samples 

o f that soil to a Research Laboratory able to make the required 

tests and able to give the desired information or identification 

o f the clay mineral involved. There may appear som e special 
problems making a thorough investigation absolutely neces

sary, but, as a rule, most laboratories will confine their investi
gations to comm on routine tests which they are able to perform.
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The results obtained are often sufficient and satisfactory but 
often a better understanding o f  the clay mineral fraction 

characteristics would be desirable, if not, necessary.
During the year 1950 an investigation of the clay mineral 

fraction o f a certain number o f soils was carried out at the

Fig. 1 E nslin-Schm idt A dsorp tion  T est A pparatus
A ppareil E nslin-Schm idt pour mesurer l’adsorption

Clay Mineral Technology Department o f  the Illinois State 

G eological Survey in Urbana, Illinois. Samples o f  the < 2 0 0  

mesh fraction were submitted to petrographic and differential 
thermal analysis. X-ray and electron microscope analysis were 

applied and the base exchange o f several samples was deter

mined. Thus, rather complete information concerning the clay 

minerals involved was obtained.
In addition to that investigation the adsorption test by means 

o f the “ Enslin-Schmidt” apparatus was carried out on the 

samples. The results being interesting, the test was extended 

to clay minerals in general and it was found that valuable 

information could be obtained. For different types o f  clay 

minerals and given conditions, characteristic curves were ob
tained. The “ adsorption test” is rather simple and does not 

require any expensive apparatus, for this reason its application  

may be o f great help where more precise investigation is not 

required or is not possible.
This paper shows the results o f a number o f  adsorption  

tests carried out on mixtures o f sand and different clay minerals. 

Som e conclusions concerning the advantage o f the application  

o f the adsorption test in Soil Mechanics laboratories are drawn.

T est A pparatus

The apparatus used for the adsorption tests was originally 

described by O. Enslin (1933). As shown in Fig. 1, below, 
the apparatus, slightly modified by the author, consists essen

tially in a filter plate, o f known porosity, in a glass cylinder 

connected with a graduated tube that allows readings o f 0 .01 ml. 

The filter plate has in its centre a circular depression whose 

bottom  surface is in the same level as the axis o f the graduated 

tube. The connection between the glass tube and the cylindrical 
funnel containing the filter plate is made through an U-shaped  

glass tube and a three way stopcock that connects the tube 

with a graduated one at the one side and with a glass funnel 

at the other side, where the water enters. An outlet for water

and air bubbles is provided by a curved tube with a stop cock  

connected directly with the cylindrical funnel containing the 

filter plate.
The filter plate used had a diameter o f 5 cm and a thickness 

o f 0,7 cm. The cylindrical depression in the centre o f  the plate 

had a diameter o f 3.0 cm and a depth o f 0.3 cm. The porosity 

o f the filter was 30,4%.

Sam ples

The following samples were used

(1) Ottawa Standard Sand
(2) Kaolinite (Georgia)
(3) Halloysite (Eureka, Utah)

(4) Illite (Fithian)
(5) Ca-M ontmorillinite (Mississipi)

(6) Na-M ontm orillonite (Wyoming).

The clay mineral samples were obtained by courtesy from  

The Clay Mineral Technology Department o f  The Illinois 

State G eological Survey. The sand was crushed so as to pass, 

as well as the clay minerals, the 200 mesh sieve. The samples

Fig. 2 A dsorption  D iagram s o f  Q uartz and D ifferent C lay M ineral 
M ixtures
D iagram m es d ’adsorption  de divers m élanges de sable et m iné
raux d ’argile
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were then oven dried at 110 °C and mixture o f sand and the 

different clay minerals were prepared so as to contain an in
creasing amount o f clay. 0.5 g samples o f each mixture, as 

well as o f the components, were then weighed out, these samples 

being then considered ready for the test.

Test Method

The samples to be tested were compressed in a cylinder o f 3 cm 2 

section with a removable bottom  by means o f a piston weighing 

300 g. Thus, uniform test pieces were obtained. They were 

placed on the filter plate the bottom  o f which was in contact 

with the water column o f the graduated tube where a previous 

reading had been taken. These readings were repeated in in

creasing time intervals up to periods o f 1,000  minutes accord

ing to the sample submitted to the test.
The percentage o f water taken up by the sample at the 

different time intervals was then plotted against the correspond
ing time on a semi-logarithmic scale and thus characteristic 

curves were obtained for the different samples tested. With 

exception o f the Na-M ontm orillonite samples, all others 

needed less then 1,000 minutes for a definite curve. The tests 

with Kaolinite, Halloysite and Illite did not take more then two 

hours. For tests taking more than 1,000 minutes a correction 

was made o f the readings, taking in account the evaporation  

corresponding to the variation o f temperature during the test.
D istilled water was used for the tests and the apparatus and 

filter plate were cleaned after each test.

Test Results

The test results obtained for each group o f clay mineral are 

represented by the corresponding expansion curves (Fig. 2 

and 3). Similar to a certain extent, at least for those clay 

minerals o f low adsorption, the curves are however definitely 

characteristic for each one. The rising curve, up to about
4 minutes for all o f them, with the exception o f the N a-M ont
morillonite group, may be attributed entirely to absorption o f 

the water by capillary forces. In the case o f pure quartz, where 

no adsorption takes place, the water is taken up very fast, but 
once the pore spaces o f the material are saturated no more 

water is taken up. In the case o f Kaolinite, Halloysite, Illite 

and Ca-M ontmorillonite the immediate rising curves are con
vex and they correspond to saturation o f the pore spaces 

through absorption. Then the curves straighten out and be
come, either horizontal, as in the case o f quartz, or slowly 

rising. When the curve turns straight and horizontal, no ad
sorption and consequently no expansion of the material takes 

place. If, however, the ascending curve shows no tendency 

to become horizontal, this indicates that more water then 

necessary to fill the pore spaces is taken up and this excess 

water corresponds to adsorption. Contrary to absorption 

where only physical forces are operating, adsorption is due to 

physico-chemical energies whereby a certain amount o f water 

is taken up, being fixed in the molecular structures o f the clay 

minerals. Thus, water may be fixed at the broken bonds and 

eventually the surface o f the clay mineral particles, or it may 

enter the structure itself as in the case o f Na-M ontm orillonite 

where one to three molecular layers o f water may be fixed in 

the lattice with an expansion from 9 to about 21 A  along the 

c-axis. N o  expansion will take place in quartz, very little, or 

none may be observed in Kaolinite and Halloysite but an 

appreciable amount o f adsorption will be noticed on the Ca- 

Montmorillonite curves and therefore an expansion o f the soil

that contains that clay mineral is to be expected. As is shown 

in Fig. 3, that expansion will be proportional to the amount 
o f Ca-M ontmorillonite present in the soil. It will be noticed 

also in Fig. 2 that, whatever the adsorption, definite and cha
racteristic curves are obtained for each clay mineral as well as 

the different mixtures.

A s far as the Na-M ontmorillonite curves are concerned 

(Fig. 3), they start with a concave, slowly rising, because the 

clay mineral in contact with the filter plate expands immediately 

when put in contact with the water that rises through the 

capillaries: absorption and adsorption start right from the 

beginning and it is not possible to differentiate the curves, 
the one from the other. They rise after a slow start following 

a slope that increases with the amount o f clay mineral present 
in the mixture. The pure clay mineral will take up more than 

eight times its weight in 1,000 minutes. The expansion in that 
case is o f course tremendous because of the increase of the 

original volume.
In order to make a comparison with the results obtained on 

pure minerals and mineral mixtures as presented in this paper, 
a number o f tests was performed on the 200  mesh fraction of  

comm on soils. As a rule, soils are not pure mixtures o f clay

•/ %

Fig. 3 A dsorption D iagram s o f  Quartz— M ontm orillonite M ixtures
D iagram m es d’adsorption de m élanges de sable et m ontm oril

lonite
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minerals and quartz. They contain impurities o f  many kinds 

and these impurities exert a more or less appreciable influence 

on the sorption characteristics o f the soil. As a rule, the amount 

o f water taken up by the 200  mesh soil fraction, will be higher 

then the one corresponding to the pure clay minerals and the 

quartz fraction. The important point however, is not the 

exact identification o f the clay mineral o f  the soil but the be
havior o f that soil when in contact with water; the adsorp

tion test, when applied to comm on soil, will be not less useful.

ADSORPTION 01 AGRA MS

SAMPLE N? cl ay/ sut L.L. R I. S

Marine soil n?l 23 0,6 132.8 86,0 212,

Terfiary clay or2 22 3 ^ 15,5 2.70

Terfiary clay n?3 60 3.3 60,8 22,3 2.71

Decomposed gneiss n?4 28 1.5 36,0 2,3 2,73

Fig. 4 A dsorption  D iagram s o f  D ifferent C aolinitic Soils  

Diagram m es d’adsorption de divers so ls  kaoliniques

Fig. 4 presents a number o f curves o f the 200 mesh fraction 

o f different kaolinitic soils. There is o f course a rather great 

variance in the amount of water taken up by the different 
samples, but when compared with the curves o f the corres

ponding clay mineral mixtures, it will be noted that a comm on  

character is nearly always preserved. Thus, whatever the im

purities in the soil, the curves will straighten out and become 

horizontal before the 10 minute line is attained. A  soil con

taining Halloysite will take up to 100 minutes before the ad
sorption ceases entirely; in the case o f an Illite soil, the ad

sorption curves will become horizontal between the 100  and
1,000 minute lines only. The sometimes remarkable divergence 

o f the curves shown in Fig. 4, from those obtained with pure 

minerals, is mainly due to the characteristics o f  the impurities

contained in the 200  mesh fraction o f the soil, characteristics 

that have o f course to be taken into account whenever the 

sorption characteristics o f  a soil are to be determined.

Conclusions

The adsorption test, using a simple device and test method  

is able to give information concerning the type o f  clay mineral 
present in a certain soil.

It constitutes a measurement o f the expansion that may take 

place under certain conditions and will allow, in dubious cases, 
a better interpretation o f  other soil properties determined by 

comm on routine tests.

The adsorption test is not supposed to replace the other 

methods used in clay-mineral research for the study and identi
fication o f these minerals, but the information obtained will 

always he helpful for the com m on purposes o f soil mechanics.
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