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1 INTRODUCTION 
 
Geosynthetic Clay Liners (GCLs) have become a 
common and reliable substitution for compacted clay 
liners (Von Maubeuge 2002). Their applications span 
from civil engineering to environmental protection 
such as liners in water impoundment facilities and as 
composite liners in landfills (Kong et al. 2017, Liu et 
al. 2013, Rowe & Orsini 2003, Bouazza 2002). 

GCLs comprise powdered bentonite encased be-
tween two geotextile or geomembrane sheets. How-
ever, the fundamental component of GCLs is the ben-
tonite used (Kong et al. 2017, Bouazza 2002, Lin & 
Benson 2000). Bentonite is mined in many different 
qualities and their post mining process varies between 
suppliers. Hence, beneficiation of bentonite is neces-
sary to enhance its performance. Beneficiation is the 
process whereby soda ash (Na2CO3) is added to ben-
tonite to enhance its swelling properties, indirectly 
decreasing its hydraulic conductivity. The bentonite 
is then said to be activated. Activation and beneficia-
tion are used synonymously (Von Maubeuge 2002) 

Many studies (e.g. Shirazi et al. 2010, Gates & 
Churchman 2006, Komine 2004) have investigated 
the properties of bentonite but few (e.g. Von Mau-
beuge 2002, Yildiz et al. 1999, Erdoǧan & Demirci 
1996, Bleifuss 1973) have elaborated on the effect of 

time on the beneficiation process of bentonite. In or-
der to perform suitably, the bentonite in the GCL re-
quires a minimum swell index of 24 ml/2 g (ASTM D 
5890). Bentonite that has not been fully activated may 
not possess the desired swell index and the GCL pro-
duced will not be up to the required standard.  

This study investigated, through a series of time 
related tests, the change in the swell the index of ac-
tivated bentonite over time. The focus of this study 
was to verify whether activation requires time to 
reach completion and to investigate the changes of 
swell index subsequent to activation. Additionally, 
different ratios of soda ash to bentonite were tested to 
investigate the most effective ratio required for bene-
ficiation.  
 
 
2 GEOSYNTHETIC CLAY LINERS 
 
Geosynthetic Clay Liners (GCLs) comprise a thin 
layer of either sodium bentonite or calcium bentonite, 
bonded between a geomembrane or geotextile (Kong 
et al. 2017, Sarabian & Rayhani 2013, Sari & Chai 
2013, Bouazza 2002). Those using geotextiles sand-
wich the bentonite by needle-punching, stitching or 
by using a non-polluting adhesive (Bouazza 2002). 
Needle-punched GCLs comprise an encasing nonwo-
ven filament geotextile where the needle punching 
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process pierces fibres from the upper geotextile to the 
bottom geotextile (Kong et al. 2017). This process en-
tangles the fibres to the bottom geotextile bonding the 
sheathing layers together. Bonding may also be 
achieved through heating, causing the piercing geo-
textile to fuse to the bottom geotextile. The stitching 
method involves sewing the geotextiles together us-
ing stitching bonded yarns (Kong et al. 2017). 

Bentonite in the geomembrane supported GCL is 
bonded to the geomembrane using a non-polluting ad-
hesive. The adhesive is mixed with the bentonite and 
pasted onto a geomembrane (Bouazza 2002, Kong et 
al. 2017).  

2.1 Bentonite 

Bentonite loosely refers to any smectite-rich mineral. 
Initially, bentonite referred to the alteration product 
of volcanic glass. There are two types of bentonite; 
sodium bentonite and calcium bentonite, each denot-
ing the predominant exchangeable ion. Sodium ben-
tonite is preferred over calcium bentonite due to its 
better swelling properties. The primary constituent of 
sodium bentonite, which contributes to swelling, is 
montmorillonite. Generally, the typical sodium ben-
tonite used in a GCL will contain 60 - 85% montmo-
rillonite (Gates & Churchman 2006). 

Montmorillonite is a 2:1 (denoting a ratio of two 
tetrahedral silicate sheets to an octahedral silicate 
sheet) clay mineral containing an octahedral silicate 
sheet sandwiched between two tetrahedral silicate 
sheets in which adjacent sheets are joined through 
Van der Waals bonds via the apical oxygens of the 
tetrahedral sheet, on either side. Smectites generally 
refer to a group of expandable 2:1 (denoting a ratio of 
two tetrahedral silicate sheets to an octahedral silicate 
sheet) minerals with a low charge. Montmorillonite, 
the most common member of this group, derives its 
charge from the octahedral substitution of Mg2+ for 
Al3+. Bentonite is a combination of predominantly 
montmorillonite and other clay minerals such as 
beidellite (Barton 2002). 

2.1.1 Swelling of bentonite 
Swelling occurs when water enters between clay par-
ticles resulting in an increase in volume. Smectites 
generally swell differently from each other based on 
their physiochemical characteristics of attraction and 
repulsion, between clay particles and between clay 
minerals and the solution within the interlayer space 
(Norrish 1954). The swell index is a measure of vol-
ume change a unit mass of bentonite undergoes upon 
absorption of a liquid which measures bulk swelling 
in millilitres per 2 grams. Typical bentonite swelling 
index values range from 4 to 50 ml / 2 g (Gates & 
Churchman 2006). 

2.1.2 Beneficiation 
Borderline quality bentonites are mixed with soda ash 
in order to increase the quantity of exchangeable so-
dium ions. However, soda ash treated bentonite de-
grades considerably over time when compared to nat-
ural sodium bentonite (Von Maubeuge 2002). 
Although the use of activated calcium bentonite as an 
alternative can be accepted, it is by far not as effective 
as natural sodium bentonite. The reason why soda 
ash-treated sodium bentonite is normally used is be-
cause naturally occurring bentonite with the desired 
properties is hard to come by.  

The soda ash activation process of calcium benton-
ites (and even natural sodium bentonites of lower 
quality) takes place in the field where soda ash is 
added to un-beneficiated bentonite. Non-exchange ar-
eas or not fully sodium activated bentonite can create 
high permeable areas (Von Maubeuge 2002). Many 
researchers (e.g. Mansour & Szabó 2001, Balázs 
2000, Alther 1987) have shown that naturally occur-
ring sodium bentonite is considerably more effective 
and more resilient than sodium activated bentonite. 
However, the use of sodium activated bentonite can-
not be avoided. 
 
 
3  METHODOLOGY 
 
Three samples of bentonite (Sample 1, Sample 2 and 
Sample 3) were obtained from Imerys bentonite mine 
in Heidelberg, in the Western Cape Province of South 
Africa (Fig. 1). Sample 1 comprised activated, pro-
cessed (dried and milled) sodium bentonite whereby 
the activation process occurred at least three months 
prior to testing. Sample 2 comprised unprocessed ac-
tivated sodium bentonite wherein the activation pro 
cess occurred at least two weeks prior to testing. Sam-
ple 3 comprised unprocessed non-activated sodium 
bentonite. Activation at the mine is done by the addi-
tion of soda ash to the bentonite via a conveyor belt 
system at 1.1% per unit mass.  

The bentonite is loaded onto the conveyor belt, 
which passes under a hopper loader that carries the 
soda ash. The soda ash is released automatically as 
the bentonite passes beneath. 

Furthermore, soda ash was obtained from Imerys 
mine and in-house activation was conducted at Kay-
tech Laboratories in Pinetown, South Africa on three 
Samples (A, B and C) wherein 2, 4 and 6 g of soda 
ash was added to 100 g of bentonite of Samples A, B 
and C, respectively. This equates to ratios of soda ash 
to bentonite of approximately 1:50, 1:25 and 1:16 for 
Samples A, B and C, respectively. Swell index tests 
were then conducted after 24 hours, 1 week, 2 weeks 
and 3 weeks of the activation of Samples A, B and C. 

Swell index test followed the ASTM D 5890 test 
procedure. Soda ash was added to the bentonite prior 
to drying and milling. 
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Figure 1. Location map of Heidelberg in the Western Cape Prov-
ince, South Africa. 

 
The test procedure involved drying a desired amount 
of bentonite to a constant mass in a laboratory oven at 
100˚C for a minimum of 16 hours. Thereafter, the 
dried sample was crushed using a cast iron mortar and 
pestle (Fig. 2). The bentonite was then sieved on a 
mechanical sieve shaker. Crushed samples of 100% 
passing the 75 µm sieve were used in the swell index 
test. 

 

 
Figure 2. Mortar and pestle used to crush the bentonite 

 
The swell index test procedure (Fig. 3) involved fill-
ing a Class A graduated cylinder with 90 ml of dis-
tilled water.  

Thereafter, 2 g of crushed bentonite was added to 
the cylinder in increments of 0.1 g with a 10 minutes 
interval between each increment. After the last incre-
ment of 0.1 g of bentonite, 10 ml distilled water was 
added to the cylinder, making sure to wash off any 
adhering bentonite on the sides, thus bringing the total 
volume of distilled water to 100 ml. The cylinder was 
left to stand for 2 hours and then gently shaken to re-
lease any air bubbles within the bentonite slurry. The 

cylinder was then left to stand for 16 hours. The re-
sults were read in ml/2 g at the top of the settled ben-
tonite.  

 

 
Figure 3. Swell index test set up 

 
In addition, the pH, temperature and electrical con-
ductivity (EC) of the distilled water, before and after 
the test were recorded. The electrical conductivity 
was determined using a Hanna HI98312 water con-
ductivity meter and the pH was determined using a 
portable Hanna HI98191 pH meter. The temperature 
was measured with a glass mercury thermometer. 
Since distilled water was used, the pH, temperature 
and EC were expected to be similar for all the tests 
prior to testing. 
 
 
4 RESULTS AND DISCUSSIONS 
 
The average swell index for each sample is shown in 
Table 1. 
 
Table 1. Average Swell Index for Sample 1, 2 and 3 

Sample Value (ml/2 g) 

Sample 1 40 
Sample 2 16 
Sample 3 10 

 
The differences are evident from the results obtained. 
Sample 1 displays a swell index way above the mini-
mum requirement of 24 ml/2 g whereas Samples 2 
and 3 fall short of the required minimum. This shows 
that non-activated sodium bentonite, from the West-
ern Cape, does not possess the desired properties for 
use in GCLs without beneficiation. The soda ash 
treated bentonite (Sample 2) displays a low swell in-
dex. This could be attributed to insufficient time for 
activation. The activation process is essentially a 
chemical reaction that requires time to reach comple-
tion. 

Since distilled water (de-ionised) was used, it can 
be assumed that no isomorphous ionic substitution 
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occurred that could have diminished the swelling po-
tential of the bentonite. Table 2 shows the pH, tem-
perature and EC of the distilled water used in the tests. 
The electrical conductivity is directly related to the 
total dissolved solids (TDS) of the reagent, which 
gives an indication of the dissolved ions. 
 
Table 2. Average properties of distilled water used __________________________________________ 
         pH  Temp  EC   _________________________ 
           ˚C    µS/cm __________________________________________ 
Sample 1     9.34  23    4   
Sample 2     9.5  24    5 
Sample 3     9.09  25    3 __________________________________________ 

 
Using Equation 1, the TDS of the distilled water ap-
proximately equated to 3.2 ppm and 1.92 ppm for 
Samples 2 and 3 respectively.  

𝑇𝐷𝑆 = 0.64	 × 𝐸𝐶  (1) 

These TDS values clearly indicate a lack of dissolved 
ions and thus shows that the distilled water did not 
affect the swelling potential of the bentonite tested. 
The bentonite swelling ability is purely related to its 
clay mineral composition and physiochemical prop-
erties.  

The pH, temperature and EC of the water subse-
quent to testing, are shown in Table 3. It can be seen 
that the EC of the activated sodium bentonite (i.e. 
Samples 1 and 2) is higher than the non-activated ben-
tonite (i.e. Sample 3). This could be due to more 
freely available sodium from the addition of soda ash. 
The pH of the reagent is almost constant and barely 
changes after testing. This would be expected as there 
are no dissolution or substitution of any H+ ions. 
 
Table 3. Average properties of the solution after testing _____________________________________________ 
          pH  Temp  EC   ____________________________ 
            ˚C    µS/cm _____________________________________________ 
Sample 1      9.62  23    867   
Sample 2      9.9  23    657 
Sample 3      9.35  24    162 _____________________________________________ 

 
Figure 4 shows the plot of the swell index versus time, 
after activation, for Samples A, B and C. The plots 
show that Samples B and C show no increase in swell 
index after 24 hours. This shows that the sodium ac-
tivation process does not affect the bentonite after 24 
hrs. Sample C, however, shows an increase in swell 
index after 24 hours of activation though lower than 
the required minimum.  

All three samples show marked increase in swell 7 
days after activation. Although there is no change in 
the swell index between Samples A and B after 24 
hours, Sample B however swelled significantly more 
than Sample A after 7 days. 

The most significant increase in swell for Samples 
A and B was after two weeks, with Samples A and B 

increasing by 6 and 9 ml of swell respectively. How-
ever, two weeks of activation time is not sufficient for 
Samples A and B to reach the desired minimum value 
of 24 ml/2 g. Sample C, however, attained the re-
quired minimum value after 1 week of activation.  

 

 
Figure 4. Swell index vs. time of Samples A, B and C, showing 
the ASTM requirement as a dotted line. 

 
Thus, Sample C represents the best ratio required for 
activation over a short period of time, with a ratio of 
soda ash to bentonite of 1:1.16.  

Although Sample C does not swell significantly 
more than the initial swell after activation. The swell 
index is enhanced drastically at the start and thereaf-
ter levels off. Samples A and B show a consistent in-
crease in swell index over time with a decreasing rate 
of swell progressively. Swell indices for Samples B 
and C do not reach the benchmark even after 3 weeks 
of activation although Sample B is expected to reach 
a swell of 24 ml/2 g slightly over a 3-week period. 
Sample A will take slightly longer than Sample B. As 
this is an ongoing research, long term change in swell 
is still being monitored and the exact time frames re-
quired for the bentonite to reach the minimum swell 
is yet to be confirmed.  
 
 
5 CONCLUSION 
 
Bentonite presents itself naturally in various compo-
sition. Many a time, soda ash must be added to either 
sodium bentonite or calcium bentonite to enhance its 
properties, primarily being swell. The activation pro-
cess is a chemical reaction whereby the sodium con-
tent of the bentonite is enhanced. The medium of this 
reaction being water. Hence, the activation process 
occurs at natural moisture content prior to drying and 
milling. For the completion of the activation process, 
time is required for the reaction. 

As a preliminary study, this research shows that at 
least 4 weeks is required for the activation process to 
reach completion for a 2 % addition of soda ash and 
3 weeks for a 4 % addition of soda ash. Over activa-
tion with soda ash may change the physiochemical 
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properties of bentonite undesirably. Generally, acti-
vation in practice uses 1.1 % of soda ash. In this case, 
4 weeks will not be enough for the activated bentonite 
to reach the desired swell. 

Bentonite in nature presents itself as a moist and 
very soft rock. Breaking down the size of larger 
pieces to at least gravel size would ensure complete 
activation. The method of field activation requires 
more attention to ensure complete activation of ben-
tonite. A standard procedure of field activation is 
needed to guide operators and professionals.  
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