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This present work established the consequences of acidic and alkaline pore fluids over swell performance to inclusive soil. Observing the 

behaviour for transformations to various soils alkalis contaminate those is much needed to identify unique mineralogy and morphology 

variations. Authors are well concentrated on the effect of interactions of alkali over soils with increasing strength to a definite period along 

with an increase in interaction period to specified strength. A total of three different forces for sulphuric acid and potassium hydroxide were 

utilised as pore fluids for understanding the influence of variable strengths over the swell action of the soil. In contrast, their swelling 

decreased in the initial stage at a lower strength of sulphuric acid, later enhanced with an increase in solution strength. Two different 

vermiculite (magnesium-aluminium-iron silicate) soils were used as Diopside and tremolite. These are interacted by various strengths (0.5N, 

0.1N, 2N, and 4N) of potassium hydroxide solutions within 9, 32, and 98days. Complexity in swell variations in contaminated soil is 

identified accurately by investigating with the help of X-ray diffraction, SEM, and Energy dispersive analysis of X-ray at the end of an 

interaction. Artificially contaminated samples are subjected to research using various instruments and finally concluded with SEM to 

mineralogical and their diagnosis variations. Keywords:  Vermiculite, Metamorphosis, SEM, Dispersive analysis of Energy.  
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INTRODUCTION  

The spawning of different projects for industries and poor waste disposal practices is an excellent understanding of soil 

behaviour. This is changed latter extreme circumstances for the environment; even though pollutant of soil interaction alters 

fundamental properties of soil, swelling behaviour of soil, having the capability for causing damage to foundations and 

superstructures built over it. Valuable (Mal’tsev 1998) insight into the effects of infiltration of solutions like acids and alkalis 

of different strengths in beds of their structure production. In previous years, several researchers have reported various studies 

on the effect of acids and alkali over distended clayey soils (Assa’ad 1998, Chunikhin et al. 1988, Joshi et al. 1994). Different 

authors identified various essential factors, including the composition of chemical and strength of pore fluid, pH-medium, type 

and degree of electrolyte dissociation (Kabanov et al. 1977, Shekhtman et al. 1995, Sridharan et al. 1981) chemicomineralogical 

composition, and exchange capacity (Rao et al. 1994), etc.; Studies disclosed that even soil fabric and its structure significantly 

influences geotechnical properties whenever interacting by different contaminants under disparate strengths (James et al. 1981, 

Mitchell et al. 2005). Additional case studies are more related to soil contamination; alkali to crack causes failure to foundation 

soils and superstructures (Rao et al. 1994, Sinha et al. 2003), as impacts are asymptomatic. The behaviour of stable minerals is 

affected by contamination by alkali (Turer 2005, Sivapullaiah et al. 2005). Various literature on mineral types present in soil 

under alkali circumstances can attribute different phases in mineral transformations to various temperature circumstances. 

Anyhow, out of multiple available soils, Red natural earth and commercial china clay are studied in this work. Interaction of 

(De la Villa et al. 2005)  montmorillonite by alkali solutions among pH 1013.5 denoted in zeolites formation. Various 

researchers' information revealed that the association of smectite by Ca(OH)2, NaOH, and KOH solutions altered fraction by 

the construction of interstratified illite smectite, a crystalline form of alkali alumina silicates. 
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Background of the work 

The authors used vermiculite, a generally occurring mineral in glossy flakes; these may vary in colour from dark grey to sandy 

brown. Flakes usually consist of minerals, which is a hydrated magnesium-iron-aluminium-silicate. They are heated up in a 

purpose-built commercial furnace, where they expand and take over a concertina shape, nearly appearing as a tiny accordion. 

Vermiculite is utilised in horticulture to improve soil quality and give seedlings a helping hand to root more quickly. Tremolite 

forms by metamorphism of sediments rich in dolomite along with quartz. Tremolite offers a series of actinolite and Ferro-

actinolite. 

 

Materials and methods: 

Different soils utilised structure to act as a nonswelling in circumstances of hygroscopic. These may exhibit unordinary swelling 

with the possibilities of alkali. Diopside may usually consist of kaolinite mineral is denoted, which is collected by different 

areas of coastal Andhra Pradesh, India, and the values are represented in Table 1. Tremolite in powder form is a predominant 

mineral that has been noted after procuring from Mines and Minerals. 

Table 1:  Physical properties of soils 

Property Diopside Tremolite 

Specific gravity 2.46 2.39 

Liquid Limit (%) 26 48 

Plastic Limit (%) 14 31 

Clay, <2 çm (%) 30 29 

Plasticity Index (%) 10 27 

Free swell index (ml/g) 1.5  

Silt, 75 to 2çm (%) 40 50 

Fine sand, 425 to 75çm (%) 39  

USCS Soil classification CL CI 

Cation exchange capacity (meq/100g) 9.42 5.59 

Maximum dry density (kN/m3) 17.8 15.8 

Optimum moisture content (%) 17.2 25.4 

Aqueous solutions preparation: 

For this research, work authors used triply distilled water and solutions of Potassium hydroxide (KOH) and sulphuric acid 

(H2SO4). Well-known strengths of Potassium hydroxide solutions were prepared as potassium hydroxide solutions of known 

strengths as 0.50N, 2.00N, and 4.00N. The authors designed the required quantity of reagents by dissolving appropriate 

molecular weights as 20.00g, 80.00g & 160.00gm, which are analytical grade potassium hydroxide pellets in triply de ionised 

water and marked up to 1000.00ml. Similarly, sulphuric acid, by required volume of 13.625ml, 52.845, and 108.99 ml, is diluted 

by triply distilled water for preparing 1000ml of solution of needed strengths as 0.5N, 2N, and 4N. 

Preparation of alkali contaminants: 

A total of four disparate strengths of Potassium hydroxide solutions were prepared to make soils artificially those are 

contaminated. Alkali Solutions with different strengths, including 0.10N, 0.50N, 2.0N, and 4.0N solutions, were designed by 

dissolving 2.0g, 20.0g, 80.0g, and 160.0g of NaOH in 1000ml of triply de ionised water. Total tested samples were applied to 

cooling until they discharged heat generated during the preparation process. By titrating with standard HCl solution, prepared 

solution/s is subjected to standardisation. 

X-ray diffraction (XRD) studies 

The required samples were designed with powdering specimens by taking a porcelain mortar, a pestle for powder form, and a 

material pressed as slightly as rectangular. These samples are analysed as 602 to 7002, with a step size of 0.017. X-ray 
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diffraction patterns were obtained gained diffraction of X-ray patterns to mixed chemical specimens of soil for detecting the 

formation of new substances because of a chemical reaction by mineral. The changes are performed in X-ray diffraction patterns 

by distilled water to the variable strength of the KOH solution. X-ray diffraction pattern of soil concerning water reveals that 

vermiculite soil contains Peaks at a range of 4.50[Å], 2.59[Å], and 1.49[Å], along with Tremolite peaks at 3.34, 2.39[Å], 

1.79[Å], and 1.65[Å] as their significant minerals. Images are represented in the figure:1 

 

Fig:1 Designing of XRD for the samples vermiculite in various time intervals 

Scanning electron microscopy (SEM) studies 

These SEM studies characterise and examine various soil samples' morphology. Using this, we examined the microscopic 

structure by scanning surfaces with multiple materials. Appropriate proportions of soil samples are crunched manually using 

porcelain mortar and a pestle in the form of powder. It can pass through a 75cm sieve after drying using the oven. This tiny 

quantity of sample has been kept over the SEM stub before scanning. Images of the SEM are effectively observed below the 

value as morphological variations were 2cm, 5cm, and 10cm. 

SEM images and EDAX of soil sample interacted with water, 0.1N KOH, 2N KOH, and 4N KOH solutions. Highly severe 

weather is identified in the remaining higher strengths of alkali solutions. By the image of SEM latter in association with 4N 

KOH solution, it has been observed that particles have undergone neither degradation nor weathered. Images saw different 

particles of SEM, which may indicate morphological variations in soil due to reaction with soil-alkali.   

The figures below show micrographs of SEM vermiculite previous and subsequent adsorption of Al+ and Ca2+. 

Microphotographs analysis denoted the plate structure of vermiculite. EDS technique derived presence of a various number of 

elements. Base activated material contains sodium, which has been recommended to replace Si2+ and Mg+. After the adsorption 

of aluminium ions, the material consists of neither aluminium nor calcium. The presence of both elements over the surface of 

vermiculite finalised the effectiveness of the adsorption method.   Altered vermiculite is subjected to characterisation with a 

higher sorption capability correlated to raw material.   This may finish the activation method's constructive effect over 

vermiculite. Obtained results are represented in Figures 2 and 3. Evaluation of a soil treatment using Lime graphs is denoted in 

figure 4.   

Figure 5 represents the characterisation of the bio-product. 
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Fig: 2 SEM images of (a) raw vermiculite and (b) vermiculite exfoliated with ultrasound waves (verm-US, pH = 3.4, 2.5 h). 

Scale bar = 4.5 µm. 

 

 

Fig: 3 Images of SEM, patterns of vermiculite- EDS: (a) Raw vermiculite, (b) KOH-activated vermiculite, (c) Activated 

vermiculite by Citric acid, (d) latter to Ag + adsorption, (e) latter to the adsorption of Cu2+. 
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Fig:4  Evaluation of a soil treatment using Lime 

 

Fig:5  Characterization of the bio-product: (a) SEM image  
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Fig:6  SEM image of clay. (a) Kaolinite, (b) montmorillonite, (c) Illite (length between  white lines is 0.4 μm) 

SEM and EDAX results after swell test with H2SO4 solution 

EDAX analysis of specimen after swell test showed a minimum in silica percentage and maximum in the rate of alumina in 

Table 2. This is because of the alkali attack on the truly existing soil mineral. 

Table:2 Si/mg ratio, which is measured with analysis of EDAX in black cotton soil inundated by solutions of water and kOH 

Conc. of 

KOH in N 

 

 Wt % of Si 

 

 

Wt % of Mg Si/Mg 

 

0 

 

45.99 6.39 9.09 

0.5 37.26 3.54 5.26 

 

2 7.86 3.05 1.29 

 

4 4.06 2.76 0.36 

 

Results and discussion: 

XRD patterns, as well as images of SEM, illuminate mineralogical and morphological variations in alkali-adulterated china 

clay and red earth. Short-term interaction periods within 96 hours couldn't significantly affect vermiculite soils in higher 

strengths. Long-term interaction of contaminated vermiculite soils for 75 days has no remarkable changes in the mineral 

compositions, even at low concentrations. The exchange of 14 days has no significant effect on the mineralogy and morphology 

characteristics for intense concentrate ions of 0.5N and 2N KOH. In contrast, partial and complete dissolution of vermiculite 

minerals occurs at 2N and 4N KOH solutions. This soil exhibits various morphological variations by high strengths of KOH 

solution at a time interval of 75days. At a stage of 0.5N KOH, the precipitation of sodalite and the dissolution of vermiculite 

minerals begins with interaction. Complete dissolution of vermiculite mineral and more precipitation of sodalite mineral 

occurred at 2.0N and 4.0N KOH solutions. Prolonged interaction along with both acid and alkali solutions may lead to 

significant variations in the free swell behaviour of black cotton soil. In the case of alkalis, the free swell is maximum to that 

of water at minimum strengths and lower than that of water at high power. Whereas in the case of acids, the reverse case is 

noted. These changes in free swell are generally because of the influence of pore fluid over the mineral composition of the soil. 

Depending upon its mineralogical composition, sodium hydroxide should be recommended as stabilising reagent in expansive 

soils, depending more on the mineralogical composition. 
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