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Abstract: Acidic groundwater resulting from the poorly planned use of acid sulfate soils has 

become a major environmental issue in coastal Australia over the last several years. Use of 

permeable reactive barriers (PRBs) designed to generate alkalinity by promoting sulfate 

reduction has recently become popular as an alternative solution to this problem. However, 

recent studies have also revealed that the long-term performance of such PRBs can be 

significantly undermined by chemical precipitation and clogging of pore space, which would 

decrease the buffer capacity and hydraulic conductivity of the reactive material. This study 

seeks to explore the feasibility of using bentonite in addition to lime and fly ash to form 

mixtures with a high buffer capacity and permeability that would enable groundwater flow 

through PRBs over a substantial period of time. A series of laboratory experiments, including 

buffer capacity and leaching tests, were performed on different mixtures of fly ash with lime 

and bentonite using acidic fluids of low pH. It was found that the ability of such mixtures to 

neutralize acidic fluids was mostly controlled by the content of lime. Laboratory data also 

showed that an addition of bentonite to lime – fly ash mixtures could decrease the buffer 
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capacity of soil. Compaction tests indicated that the presence of bentonite would increase the 

dry density of mixtures at the optimum moisture content. A series of hydraulic conductivity 

tests were carried out to study changes in the coefficient of permeability of lime - fly ash 

mixtures with different contents of bentonite permeated with acidic liquids. The obtained 

results revealed that the coefficient of permeability of the specimens tended to increase over a 

period of time, likely due to the changes in the diffuse double layer of bentonite particles. 

Keywords: acid fluid, permeable reactive barrier, buffer capacity, fly ash, bentonite 

 

1. Introduction 

Acid sulfate soils (ASS) that contain iron sulfides (e.g. pyrite) pose a significant 

environmental, economic and social threat to coastal Australia (White et al. 1997). Although 

pyrite is relatively chemically inert when undisturbed and submerged under the water table, it 

can result in the formation of sulphuric acid when exposed to oxygen. The acid will mobilize 

large amounts of iron (Fe) and aluminium (Al) ions from the soil in the groundwater, and 

pose an environmental problem that will decrease agriculture and fishery productivity as well 

as lead to damage steel and concrete infrastructure (Golab et al. 2006). Acidic water can also 

affect the geotechnical properties of soil including its permeability (Gratchev and Towhata 

2010) and strength (Gratchev and Towhata 2013). 

Remediation techniques such as one-way floodgates and modified two-way floodgates 

have been proposed and tested at different sites of coastal lowland in NSW, Australia 

(Indraratna et al. 2002). A few other methods including pump-and-treat technique and open 

lime drains have also been utilized in the past but are not widely used due to high operation 

and maintenance cost (Indraratna et al. 2010). In contrast, permeable reactive barriers (PRBs), 

a technique that has recently been considered for remediation of ASS, have a number of 

advantages such as no energy consumption, minimal operation and maintenance cost, and 
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minimal disruption to the existing land (Indraratna et al. 2010). A PRB can consist of a trench 

filled with reactive material and covered again with top soil to allow existing land-use to 

continue (Golab et al. 2006). When this barrier intersects the flow path of contaminated 

groundwater, the reactive material will increase the pH of the groundwater to a level that 

causes Fe and Al to precipitate out of solution. The reactive material is also expected to have 

a permeability that allows the groundwater to pass freely through the barrier. 

Although the application of PRBs to neutralize acidic groundwater from mining production 

has been extensively studied (Waybrant et al. 2002; Bulusu et al. 2005; Wang et al. 2006), 

little has been done to test the effectiveness of PRBs to solve ASS problems. A few studies 

have been performed to investigate the capacity of different reactive materials typically used 

in PRBs to neutralize acidity generated by ASS. Golab et al. (2009) performed several 

laboratory tests to assess the suitability of fly ash, fresh recycled concrete, slag, lime and 

breccia in neutralizing acidity, and noted that recycled concrete might be a preferable material 

for PRBs. Building upon these results, Regmi et al. (2011) carried out long-term laboratory 

experiments to study the neutralizing capacity and permeability of recycled concrete, while 

Indraratna et al. (2010) tested the ability of recycled concrete to neutralize the acidity of 

groundwater in a large-scale field experiment. The data from these studies indicated that 

recycled concrete could improve the pH of groundwater from acidic to mildly alkaline, and 

remove about 95% Fe and Al. However, it was also revealed that the armouring effect could 

occur in the PRB as a result of precipitation of Fe and Al on the surface of reactive material. 

This process can cause a decrease in the hydraulic conductivity of the reactive material as 

well as reduce the overall capacity of PRB to neutralize acidity. Thus, there is a need for 

further research to investigate the reactive properties of different material that can improve the 

long-term performance of PRBs (Gratchev et al. 2012). 
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This study aims at assessing the feasibility of using fly ash, lime, and bentonite as reactive 

material for PRBs. The use of inexpensive and readily available fly ash has significant 

economic benefits for the PRB’s production as it markedly reduces production costs. This 

paper seeks to evaluate the buffer capacity and permeability characteristics of various 

mixtures of fly ash with small amounts of lime and bentonite, and provide data necessary to 

determine whether such material can be suitable for a PRB. To evaluate the potential of such 

mixtures to effectively remediate acidic water for a long period of time, a series of buffer 

capacity tests and leaching experiments were carried out, in which changes in pH and 

electrical conductivity over time were monitored and recorded. Hydraulic conductivity tests 

on different mixtures permeated with acidic liquids were conducted to study changes in the 

permeability of soil over time. This paper presents and discusses the obtained results. 

 

2. Background 

Fly ash is a by-product produced in great amounts by coal-fired power generating stations 

around the world. Due to its low cost and availability, fly ash has been utilized in various civil 

engineering areas including cement and concrete applications, highway pavements, and 

backfills (Nhan et al. 1996). It has also been tested as a reactive material to remediate acid 

mine drainage (AMD) (Polat et al. 2002; Dermatas and Meng 2003). For example, Bulusu et 

al. (2005) reported a case study in which fly ash was utilized to reduce AMD at abandoned 

mines in the USA, while Wang et al. (2006) tested the feasibility of fly ash to control acid 

rock drainage (ARD) produced by mine tailings in Ontario.  

It has been recognized that the capacity of fly ash to neutralize acid strongly depends on 

the content of calcium oxide (CaO), a chemical compound that generates alkaline leachate in 

contact with water (Stouraiti et al. 2002). However, if the amount of calcium oxide is not 

sufficient or the long-term buffer capacity needs to be enhanced, a small amount of lime can 
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be added to fly ash (Bulusu et al. 2005). When fly ash interacts with AMD, acid-base reaction 

neutralizes the acidity of liquid while the rising pH leads to stabilization of dissolved metals 

such as Fe and Al in the solution. In addition, secondary minerals, including gypsum, are 

formed from the reaction of calcium released from fly ash (or lime) and sulfate in the mining 

waste drainage. Wang et al. (2006) showed that the precipitation of metals and the formation 

of secondary minerals would result in “the void spaces between solid particles becoming 

clogged.” This process can reduce the buffering capacity, porosity and permeability of fly ash, 

thus significantly undermining its long-term performance as a reactive material. However, a 

study performed by Yeheyis et al. (2010) indicated that addition of bentonite to fly ash can 

improve the long-term hydraulic conductivity of PRBs as the decrease in the hydraulic 

conductivity due to clogging can be offset by increases in pore space caused by reduction of 

the diffuse double layer thickness of bentonite particles. In addition, bentonite can also 

improve the capacity of fly ash mixtures to retard toxic metals such as Fe and Al. Kashir and 

Yanful (2001) carried out a series of experiments in which bentonite was permeated with 

AMD, and reported that only 20% of Fe in the AMD passed through the bentonite sample 

after as many as 12 pore volumes of flow. However, this study also revealed that bentonite 

did not have a sufficient, long-term buffering capacity, a property that can affect the capacity 

of bentonite - fly ash mixtures to neutralize acidity.  

From the aforementioned studies it can be inferred that bentonite has the potential to 

improve the long-term performance of fly ash by reducing the negative effect of armouring 

and stabilizing toxic metals in the solution. However, the influence of bentonite on the buffer 

capacity and permeability of fly ash mixtures remains unclear and needs to be clarified.  

 

3. Experimental program 

3.1 Material properties 
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The materials used in this study were fly ash, lime and bentonite. Fly ash from Tarong 

power plant, Queensland, Australia was selected for this research. Although different types of 

fly ash are available in Queensland, all of them have low content of CaO ranging from 0 to 

0.4% (Zaeni et al. 2010). This indicates that the relatively low buffer capacity of these fly 

ashes needs to be enhanced by addition of lime. As the use of lime seems inevitable, it was 

decided to select this particular fly ash (with 0% of CaO) as it was the most inexpensive 

material having the grain size distribution (Fig. 1) which was the most appropriate to produce 

mixtures with relatively higher values of hydraulic conductivity. According to Zaeni et al. 

(2010), the chemical composition of this fly ash includes: SiO2 (66.5%), Al2O3 (28.9%), 

Fe2O3 (0.6%), and TiO2 (1.8%).  

As fly ash is reactive material, there is a concern that leaching of heavy metals from fly ash 

can cause environmental problems. This prompted Wearing et al. (2004) to assess the 

potential for these metals to leach from the Tarong ash into the environment. Wearing et al. 

(2004) reported the results from the USEPA Toxicity Characteristics Leaching Procedure 

tests, indicating that “the trace elements are not in a form where they are easily leached from 

the matrix, and therefore do not present a significant environmental risk.” 

Commercially available hydrated lime (Ca(OH)2 90%) was used as a neutralising agent to 

improve the buffer capacity of the Tarong fly ash. Owing to its high calcium content, lime has 

been used in several studies to increase pH levels of groundwater (Ghosh and Subbarao 

2006).  

Commercially available sodium bentonite also known as “Bentonile” was kindly provided 

for this research by Sud-Chemie Australia Pty Ltd. The chemical composition of bentonite 

was as follows: SiO2 (67%), Al2O3 (21.2%), Fe2O3 (3.5%), Na2O (3.3%), MgO (2.5%), K2O 

(0.9%), and CaO (0.5%). The bentonite was in the form of powder with fines content (<0.074 

mm) of 98%, and the clay fraction (<0.002 mm) of 92%. 
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Fly ash (FA) was mixed with lime (L) to form mixtures (called FAL) with various lime 

content such as 2.5% (FAL-2.5), 5.0% (FAL-5), 7.5% (FAL-7.5), and 10% (FAL-10) by 

weight. To study the effect of bentonite on the long-term buffer capacity of the reactive 

material, 10% and 20% bentonite (by weight) were added to the FAL-5 and FAL-10 mixtures. 

FAL-10 and FAL-5 were selected as they represented the maximum and half of maximum 

values of lime, respectively. 

 

3.2 Test procedure 

3.2.1 Buffer capacity tests 

Buffer capacity is the property of a soil that determines its resistance to pH changes. In this 

study, the buffer capacity of different material was determined experimentally by titrating 

each sample with increasing concentrations of sulfuric acid, following Yong et al. (1990), and 

Gratchev and Towhata (2009). Sulfuric acid (0.01 M H2SO4) was first diluted with distilled 

water to  certain concentrations, and then added to the soil at a ratio of 1:10, using 4 g of dry 

soil mixture and 40 g (ml) of acid solution. The pH of the soil solution was measured after the 

soil suspension sample was thoroughly shaken and allowed to stand for at least 24 h.  

 

3.2.2 Leaching tests 

For leaching tests, the same amount of soil (4 g) and acidic liquid (40 ml) was utilized. 

Two acidic liquids with different acid content were prepared: 1) 10 ml 0.01 M H2SO4 + 30 ml 

distilled water; and 2) 20 ml 0.01 M H2SO4 + 20 ml distilled water. Similar to the buffer 

capacity tests, the soil specimen was first mixed with the acidic liquid and allowed to rest for 

24 hours. Then, the effluent liquid was removed from the container, and the liquid’s pH and 

electrical conductivity were measured and recorded. After the measurement, the container was 

re-filled with the acidic liquid to maintain the desired pH value of the influent throughout the 
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whole test. This process was repeated until the soil samples lost most of their buffer capacity; 

that is, the pH values of influent and effluent liquids became very similar. 

 

3.2.3 Compaction tests 

A series of standard Proctor compaction tests were performed on mixtures of fly ash with 

lime and bentonite. The tests were conducted in accord with the Australian Standard (AS 

1289 5.1.1-2003), in which the sample compaction was achieved in three equal layers, with 

each layer being subjected to 25 blows. The results of these tests, including the optimum 

moisture content, were used to prepare soil specimens for hydraulic conductivity tests. 

 

3.2.4 Hydraulic conductivity tests 

A series of hydraulic conductivity tests were conducted to study the influence of pH on the 

coefficient of permeability of FAL-10 with different amounts of bentonite. In each test, the 

specimen was first compacted in the mould at the optimum moisture content, and then 

subjected to a constant hydraulic flow of distilled water to obtain the reference hydraulic 

conductivity. It is noted that the optimum moisture content for each mixture is presented in 

Fig. 6 and discussed in the relevant section 4.3, while the reference hydraulic conductivity is 

given in Fig. 7b and discussed in the section 4.4.  

After the specimen was brought to equilibrium using 3L of water permeation, acidic 

solution with pH=3.0 was introduced into the specimen. The volume of permeated liquid, pH 

and electrical conductivity of the effluent liquid were monitored throughout the test. The 

coefficient of permeability was determined after every 1.0-1.5L of permeation, according to 

the “Falling head” method (AS 1289 6.7.2-2001). 

 

4. Test results  



9 
 

4.1 Buffer capacity tests 

The titration curves of pH against sulfuric acid input for the three soil suspensions are 

shown in Fig. 2. Also included in the figure is the titration curve of a blank (a solution in the 

absence of soil). The plot shows that the buffer capacity of fly ash sample is relatively poor. 

The pH of effluent liquid gradually declined from a value of 4.9 (distilled water) to 3.6 as the 

acid input increased from 0 to 90 cmol H2SO4 kg
-1

. 

In contrast, the lime exhibits a high buffer capacity. The specimen with distilled water 

returned an effluent pH value of 12.1, and each sample after that showed only a fractural 

decrease in pH with an increasing quantity of acid. The buffer capacity of bentonite is also 

high, which can be attributed to a high cation exchange capacity of the clay (Gratchev and 

Towhata 2010). 

 

4.2 Leaching tests 

4.2.1 Leaching tests on mixtures of fly ash and lime 

A series of leaching tests were conducted on mixtures of fly ash with different lime 

content: 2.5%, 5%, 7.5%, and 10% by weight. The data obtained from these tests are 

presented in Fig. 3 in terms of the number of leaching rounds against the pH of effluent 

liquid. Different acidic liquids were utilized in these experiments: 10 ml 0.01 M H2SO4 + 30 

ml distilled water (Fig. 3a), and 20 ml 0.01 M H2SO4 + 20 ml distilled water (Fig. 3c). It is 

evident from these figures that the specimens with higher lime content exhibited a greater 

resistance to changes in pH. 

As the total dissolved solids leached from the specimens can be represented by the 

electrical conductivity of the effluent (Wang et al. 2006), it is important to study this variable 

over time to better understand the processes that affect the buffer capacity of soil during 

leaching. For this reason, the variations of electrical conductivity of the effluent liquid with an 
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increasing number of leaching rounds for both concentrations of sulfuric acid are presented in 

Figs. 3b and 3d, respectively. For all specimens, a decrease in the electrical conductivity was 

observed in the first few rounds of leaching, with the sharpest decline being associated with 

the specimens of lower lime content. A decrease of electrical conductivity was also reported 

by Wang et al. (2006), and Perez-Lopes et al. (2007) who noted that high values of electrical 

conductivity at the beginning of each leaching test were due to the presence of large 

concentrations of dissolved solids in the effluent. In the present study, the dissolution of 

calcium from the lime likely increased the electrical conductivity as well as the alkalinity of 

the effluent. However, as the leaching rounds continued, the dissolved solids in the effluent 

decreased due to precipitation and possible formation of secondary minerals, as indicated by 

the decrease in the electrical conductivity. These processes appear to reduce the mixture 

capacity to neutralize acid, leading to a decrease in the pH of the effluent liquid as shown in 

Figs. 3a,c. As the buffer capacity of the mixtures greatly depend on the lime content, it is 

logical to assume that a more rapid decrease in the electrical conductivity and pH of the 

effluent liquid due to the leaching should occur in the mixtures having lower amounts of lime 

(Ghosh and Subbarao 2006). 

 

4.2.2 Leaching tests on mixtures of fly ash, lime and bentonite 

Results of leaching tests on the fly ash and lime mixtures with bentonite are presented in 

Fig. 4 for the acidic liquid of 10 ml 0.01 M H2SO4 + 30 ml distilled water, and Fig. 5, for the 

acidic liquid of 20 ml 0.01 M H2SO4 + 20 ml distilled water. The behavior of two mixtures, 

namely FAL-5 and FAL-10, were studied in relation to different bentonite content. As can be 

seen in Fig. 4a, the behavior of FAL-5 with and without bentonite when subjected to the same 

number of leaching rounds seems to be very similar. It is evident from this figure that addition 

of bentonite to FAL-5 does not affect the long-term buffer capacity of the mixtures. However, 
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when the mixture of FAL-10 used (Fig. 4c), the effect of bentonite became more pronounced 

as the buffer capacity of FAL-10 with 10% and 20% bentonite decreased. For example, after 

10 rounds of leaching, the pH of effluent liquid obtained for the specimens of FAL-10 with 

10% and 20% bentonite was about 8 while the pH of FAL-10 without bentonite was 9.2.  

The same relationship was observed for a greater acid content (Fig. 5). Comparisons made 

between the FAL-5 (Fig. 5a) and FAL-10 (Fig. 5c) mixtures indicate that the effect of 

bentonite is more pronounced when the higher lime content of 10% is utilized. Thus, it may 

be concluded that, compared to FAL-5, addition of bentonite to the FAL-10 mixture seems to 

decrease the overall capacity of this material to neutralize the acidic solution. Changes in the 

electrical conductivity and its relationship with pH observed in these experiments are 

consistent with the data discussed in the previous section (Fig. 3). 

 

4.3 Compaction tests 

Compaction characteristics of fly ash and lime mixtures with different amounts of 

bentonite are shown in Fig. 6, in which dry densities of compacted samples are plotted against 

the corresponding moisture content. It is clear from this figure that the maximum dry density 

of the studied mixtures increases with the increasing amount of bentonite. The optimum 

moisture content obtained for all samples seems to be in a narrow range of 32-35%. It is noted 

that the obtained results are in agreement with the data presented by Mollamahmutoglu and 

Yilmaz (2001), who studied the effect of bentonite on the compaction characteristics of fly 

ash. 

 

4.4 Hydraulic conductivity tests on fly ash with lime and bentonite 

The results of hydraulic conductivity tests on mixtures of fly ash and lime (FAL-10) with 

10% and 20% bentonite are given in Fig. 7. All specimens were first permeated with 3L of 
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distilled water, followed by introduction of acidic liquid with pH=3.0. The experiments were 

performed for a total of approximately 55L of water and acidic liquid permeation.  

Figure 7a shows pH measurements as a function of effluent volume. It is interesting to note 

that all samples exhibited no change in pH during the first 10L of water and acidic fluid 

permeation. However, during the next 10L of permeation, the effluent pH of FAL-10 

remained almost the same (about 12) while for the mixtures of FAL-10 with bentonite, the pH 

values decreased. It is also evident from this figure that the effluent pH of FAL-10 with 20% 

bentonite decreased more rapidly compared to that of FAL-10 with 10% bentonite. This trend 

continued until the end of the tests, with the FAL-10 showing the highest buffer capacity 

while the FAL-10 with 20% bentonite demonstrated the lowest. These results are in 

agreement with the data from the leaching tests (Figs. 4b and 5b), providing more support for 

the hypothesis that addition of bentonite may decrease the buffer capacity of lime - fly ash 

mixtures. 

The results of “Falling head” tests on the mixtures of FAL-10 and FAL-10 with different 

contents of bentonite are shown in Fig. 7b. As can be seen in this figure, the average 

coefficient of permeability of FAL-10 was initially about 0.017 mm/s within the first 3L of 

water permeation. After the acidic liquid was introduced, the hydraulic conductivity first 

slightly increased to 0.02 mm/s after about 17L and then increased sharply to almost 0.08 

mm/s. It is interesting to note that the same trend was also observed for FAL-10 with 10% and 

20% bentonite (Fig. 7b). 

Changes in the hydraulic conductivity of fly ash mixtures permeated with AMD were 

studied by Shang et al. (2006), and Wang et al. (2006) who noted that due to the precipitation 

of metals from AMD and formation of secondary minerals, the voids between solid particles 

would be clogged, resulting in a decrease of the hydraulic conductivity. However, in this 

work, only acidic liquids (that is, diluted sulfuric acid) were used, and thus the process of 
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clogging is expected to have a much smaller effect compared to the aforementioned studies. 

In fact, the data given in Fig. 7b indicate that the hydraulic conductivity of fly ash mixtures 

might increase when permeated with acidic liquids. A similar finding was presented by 

Mollamahmutoglu and Yilmaz (2001) who permeated bentonite-fly ash mixtures with acidic 

solutions of HCl for over 150 days. Nhan et al. (1996) also reported an increase in the 

hydraulic conductivity of bentonite-fly ash mixtures permeated with a synthetic leachate with 

a low pH. Shang et al. (2006) suggested that an increase in the hydraulic conductivity of fly 

ash can occur due to the increase of void space of soil samples when the dissolved solids 

generated by the acidic pore fluid are leached out. Wang et al. (2006) also noted that some 

fine particles can be flushed out of fly ash during permeation, increasing the void space and 

thus the hydraulic conductivity of samples.  

For the mixtures of FAL-10 with 10% and 20% bentonite, an increase in the hydraulic 

conductivity was also observed during the acidic permeation. This change in the permeability 

can be attributed to the reduction of the diffuse double layer of bentonite particles caused by 

high concentration of ions in the pore fluid (Van Olphen 1977; Nayak et al. 2007), and the 

formation of large clay aggregates with more open, flocculated clay microfabric (Gratchev et 

al. 2007). Such flocculated microfabrics of bentonite will provide greater void space for water 

to flow increasing the hydraulic conductivity (D’Appolonia 1980; Kashir and Yanful 2001). It 

is interesting to note that an increase in the hydraulic conductivity of FAL-10 with 20% 

bentonite after 20 L of acidic permeation was slightly greater than the one observed for FAL-

10 with 10% bentonite. It is hypothesised that despite the increase in the bentonite content, 

the formation of more open flocculated structures would occur at a larger scale in FAL-10 

with 20% bentonite when permeated with acidic liquids, which would increase the hydraulic 

conductivity of this mixture. Similar behavior was reported by Yeheyis et al. (2010) who 

permeated bentonite-fly ash mixtures with AMD. 
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5. Conclusion 

This paper presents the results of an experimental study in which the long-term buffer 

capacity of fly ash mixtures with different amounts of lime and bentonite was assessed. Based 

on the obtained results, the following conclusions can be drawn: 

- An increase in lime content results in a greater long-term buffer capacity of the Tarong 

fly ash; 

- Addition of bentonite to lime - fly ash mixtures may decrease the long-term capacity 

of such mixtures to neutralize acidity; 

- Addition of bentonite to lime - fly ash mixtures may increase the maximum dry 

density of the mixtures; 

- When permeated with acidic liquids, the hydraulic conductivity of fly ash mixtures 

with lime and bentonite can increase. 

It is noted that this study aims at assessing the capacity of fly ash, lime, and bentonite to 

neutralize acidity. Although promising results were obtained, the performance of these 

mixtures with real leachates that contain metal ions such as Fe and Al can be different and 

require further investigation. Nevertheless, the data presented here can be utilized for 

selection of reactive material for testing in field conditions in future studies. 
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Figure captions. 

 

Figure 1. Grain size distribution of Tarong fly ash. 

 

Figure 2. Results of buffer capacity tests. 

 

Figure 3. Results of leaching tests on mixtures of fly ash with different content of lime using 

acidic liquids of 10 ml 0.01 M H2SO4 + 30 ml distilled water (a,b), and 20 ml 0.01 M H2SO4 

+ 20 ml distilled water (c,d). 

 

Figure 4. Results of leaching tests on mixtures of fly ash with lime and bentonite permeated 

with acidic liquid of 10 ml 0.01 M H2SO4 + 30 ml distilled water: FAL-5 (a,b), and FAL-10 

(c,d). 

 

Figure 5. Results of leaching tests on mixtures of fly ash with lime and bentonite permeated 

with acidic liquid of 20 ml 0.01 M H2SO4 + 20 ml distilled water: FAL-5 (a,b), and FAL-10 

(c,d). 

 

Figure 6. Results of standard Proctor compaction tests. 

 

Figure 7. Results of hydraulic conductivity tests using FAL-10 with different bentonite 

content plotted as: (a) pH of the effluent liquid against volume of permeation, and (b) the 

coefficient of permeability against volume of permeation. 

 


