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Abstract 

 

In recent decades, expanding domestic and commercial activity has resulted in the discharge of a variety of toxic pollutants 

into aquatic systems. Therefore, there is a crucial need for a reliable and environmentally acceptable method of eliminating these 

contaminants from wastewater. Adsorption is regarded as a simple, affordable, and environmentally friendly technique among the 

available technologies. Among the natural adsorbents, clay minerals have drawn more attention because of their distinctive 

properties: large surface area, better cation exchange capacity, and environment friendly material. They act as effective adsorbents 

with good adsorptive ability for highly toxic water-soluble dyes. This review article emphasises the significance of various clays (in 

raw and modified forms) that are being employed as an adsorbent for the removal of different dyes from industrial effluents. 

Different modification methods used to modify the clay to get better results are discussed in detail. Appropriate conditions for a 

clay-dye system are illustrated, as are the adsorption capacities of various clays, and the adsorption process is critically examined. 

This article will also examine the use of inexpensive, naturally occurring inorganic adsorbents other than clays to remove toxic 

heavy metals and dyes from industrial effluents. This study suggested that modified clays are more efficient materials for the 

purification of dye-polluted water than other abundantly formed natural adsorbents. 
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1. Introduction 

 The last few decades have shown a dramatic 

increase in human population and industrialization that 

ultimately incases the demand of consumption of freshwater 

Hence the water quality is deteriorating day by day because 

of the heavy metals /dyes (cationic, ionic dyes) that are 

released from the industries. So as a result bulk amount of 

industrial contaminated water is directly discharged into the 

natural environment and water reservoirs. These dyes or 

heavy metals are very toxic in nature and highly stable in 

aqueous environment [1-2]. These hazardous heavy metals 

/dyes can enter into the human body through biological food 

chain and accumulate in the body and cause many diseases 

including gastric dysfunction, anemia, bone softening and 

many others. These synthetic dyes /metals have detrimental 

impact on aquatic organisms as well. These dyes contain 

chromogenic groups that form a layer on the water surface, 

and does not allow the light to enter the water, hence lower 

the photosynthesis rate of aquatic plants and disturb the other 

vital activities of aquatic organisms [3-4]. 

 Therefore this polluted water must be treated to 

remove contamination before discharge into the water 

streams [5-6]. Numerous methods, including ion exchange, 

electrochemical oxidation, Fenton oxidation, reverse 

osmosis, coagulation/flocculation, zonation, 

electrocoagulation, biodegradation, and adsorption, have 

been developed for the treatment of dye polluted water. These 

treatments have high removal efficiency but at the same time 

have many disadvantages like high energy utilization, cost, 

huge waste etc. [7-8]. Adsorption is considered to be the most 

effective method for the removal of dyes/ heavy metals from 

industrial effluents due to its advantages such as high removal 

efficiency, cost effectively, easy to use etc. There are many 

natural adsorbents such as egg shells, wool, volcanic ash, and 

sand but the most abundant of all are clays and clay minerals 

due to their excellent properties such as high CEC (cation 

exchange capacity), surface charges, high absorbance 

capacity, and high surface area etc. Clays are hydrated 

phyllosilicate minerals that naturally found in sedimentary 

rocks during the process of weathering [9-10]. One unit is 

made up of SiO-
4, and oxygen molecules arranged themselves 

in a tetrahedron order. These tetrahedrons connected to the 

next tetrahedron to form a sheet like structure [11-12]. Clay 

are considered to be a natural scavengers for pollutants like 

heavy metals or dyes. The presence of exchangeable ions on 

clay surfaces makes it possible for the clay to absorb the ions 

through adsorption and the ion exchange process. Mg2+, Cl-, 

and H+ ions are found on the surface of clay minerals. Clays 

have a very strong attraction for dyes /heavy metals and 

exchange the ions on its surface without effecting the its other 

structure. Modification of clays by physical or chemical 
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treatments enhance its adsorption ability, this absorptive 

property makes the clay minerals a novel adsorbent. Modified 

clay by several treatments show excellent result for the 

removal of contaminants from wastewater. Acid treatment, 

thermal treatment, clays pillaring are the methods used for the 

modification of clays [13-14].   Swelling properties, 

physiochemical properties and their 2D (two dimensional) 

structure enable the clay   minerals to trap the heavy metals 

and other contaminants from industrial wastewater on their 

surfaces using the process of adsorption. This review article 

emphasizes the removal of organic, and inorganic 

contaminants from wastewater and the brief structures of 

different clay minerals belongs to different classes. The 

adsorption capacities of raw and modified clays for dyes 

/heavy metal removal also review in this article [15-16]. 

2. Clay’s 

Clay's are very fine-grained minerals with plastic 

properties. They have a high water content and can solidify 

when dried or fired. Clays generally consists 

of phyllosilicates, but some other components could impart 

plasticity or hardening. [17]. Clays can be differentiated from 

other (fine grained) soils from size, and morphology of the 

clay. The main classes of clay include Montmorillonite 

semactic. Talc, Pyrophyllite, sauconite, and vermiculite, 

saponite, nontronite, and montmorillonite are all members of 

the smectite group. The clay micas are part of the illite 

group.  illite is the most common mineral among all [18]. 

Chlorites are often classified as a distinct group 

of phyllosilicates rather than clay. In these categories, there 

are about 30 various types of pure clays, and that 

most natural clays are a combination of these and other 

weathered minerals [19]. 

 Clay differences offer an opportunity to study the 

effect of framework and different layer charges on metal- ion 

coordination to fixed charge sites. Moreover, these mineral 

selection offered a variety of surface hydroxyl- site structures 

for aluminol and silanol. The surface charges (negative 

charge) in the structure of fine grain minerals is related to 

clays adsorption abilities. Adsorption of positively charged 

dyes, can neutralise these negative charges on clays surfaces. 

The clays also had great surface area, approximately 800 

m2/g,that contribute significantly to their high adsorption 

ability. With  compared to other clays  montmorillonite 

clay are expected  to have  greatest sorptive capacity [20]. 

Modification of clay minerals improve its efficiency in 

removing contaminants from water and industrial water. 

Zeolites are silicate minerals that occur naturally but can also 

be synthesised commercially. Clinoptilolite is the most 

common natural zeolite species. The ion exchange abilities of 

zeolites decide their adsorption properties [21].  

 

3. Classification and general properties of clays  

Clay minerals are materials particle with the size 

smaller than 2 µm as well as a family of minerals with similar 

chemical compositions and crystal structural characteristics. 

Plasticity, fineness of the grain, shrinkage, swelling and many 

others are the physical properties of the clay. Clays are fine-

grained aluminosilicates mineral crystals, and metal oxides 

[22]. Clay minerals are classified into different classes based 

on their properties, such as mica, smectites, kaolinite, and 

vermiculite etc. [23]. Electrostatic repulsion, crytallinity, 

adsorption, and specific cation exchange reactions all 

contribute to these interactions. More the porous surface of 

clay more will be its binding power for ions [24-25]. China 

clay is a primary ancient and pure clay that was first used by 

the Chinese. It is primarily composed of kaolinite clay, but it 

is also composed of mineral mixture containing 

montmorillonite, feldspar, and illite clays etc. Clays are 

classified as “Amorphous or Crystalline” on the basis of 

differences in inter-layer structures (see flow chart. 3). The 

crystal structures of crystalline Clays can be divided further 

into groups based on the layer structure of the clays including 

1:1, 1:2, and mixed layer- type clay, which is illustrated in 

fig.1 (a) and 1(b).  

 

4. Basic structure of the Clay 

Clay particles have a diameter of 2mm and remain 

suspended in aqueous solutions due to their particle nature 

[7][26]. Clay minerals are classified as layers of silicates and 

phyllosilicates because they are mainly composed of silica 

and alumina sheets. Clay minerals can be classified further 

based on types of layer structures. Clays are composed of a 

silicate sheet that is interconnected to the second sheet 

through the combining of metallic atoms, hydroxyl groups, 

and oxygen groups. Sheets of silica, brucite, and gibbsite are 

the basic structrual units of clay mineral. One tetrahedral and 

an octahedron as shown in fig.2 (a) and fig.2 (b) is composed 

of two hydroxyl ion planes separated by a plane of 

magnesium or aluminium ions, which is usually coordinated 

by hydroxyl sheets. Magnesium and aluminium ions are the 

basic sheets of octahedrons that is separated by hydroxyl 

ions. These sheets in octahedrons are arranged hexagonally 

to form octahedral sheets. The 2:1 (three layer) layer lattice 

silicates are made from two silica tetrahedral sheets separated 

by an octahedral sheet as in fig. 1(b).  Among the 2: 1 clay 

minerals the mica, smectite groups are the most 

abundant clay minerals [27]. The basic structural unit of the 

1:1 layer minerals consists of one tetrahedral and octahedral 

sheets (Fig. 1(a). 

 

5. Types of Clay Minerals 

5.1. Montmorillonite Clay 

Montmorillonite’s clay forms microscopic crystals 

and are phyllosilicate mineral in nature. Montmorillonite is a 

smectite group  mineral and  consist of  2:1 crystal lattice that 

expands latice Monoclinic clay minerals are nonmetallic clay, 

that usually contain smectite group (hydrated- sodium 

calcium, and silicates) (Grim 1962). The major components 

of montmorilonite are K, Fe, and some other ions that varies 

according to the source [28]. Montmorilonite consist of 

multiple layers with an alumina (octahedral sheet) and 

tetrahedral sheet pointing inward in the center. These multiple 

layers are expand in all directions (length, width direction), 

while the bond are weak and can break easily, and allow water 

molecues to enter between the layers and swell also known as 

swhp-elling. Substitution of various types of smectite and that 

result in the separation of charges in such a way, allowing 

water to move between crystal lattice sheets, resulting in 

reversible cation exchange and very plastic properties [29]. 

Montmorillonite is the component of Bentonite clay. The 

volume of this clay greatly varies when it adsorb water, water 

absorbing property also known as “swelling of clay”. 

Monmorillonite swell (swelling capacity) more as compared 
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to other clays, because of its interlayer space that allows the 

water molecule to enter between these layers of the clay. Its 

expansion property can be easily estimated by its 

exchangeable ions in the material. When sodium is dominant 

exchangeable cation, the clay can swell to several times its 

original volume. Monmorilonite has very large specific area, 

which gives them important sorptive properties. Metal ion 

uptake mechanisms on smectites are affected by ionic 

strength, pH, and the type of ion being adsorbed [30]. 

5.2. Bentonite Clay 

Bentonite is an impure clay that normally contain 

montmorillonite and is an aluminium phyllosilicate material. 

A gibbsite layer is sandwiched between two silica sheets to 

constitute the structural units of montmorillonite. The 

octahedral layer substitutions occur primarily in Mg2+, 

Fe2+ and lesser extent in silicate layer Al3+, Si4+. The clay 

mineral's chemical structure is based on a hydroxyl-

aluminosilicate framework. Clay minerals' crystal structures 

are made up of sheets of silica and alumina that arranged 

octahedrally or tetrahedrally . In some cases, divalent Mg or 

Fe replace some of the trivalent Al [31]. To provide charge 

balance, substitution is followed by the addition of alkaline 

metal including Na, K and alkaline earth metals such as Mg 

and Ca. on the basis of these elements including calcium, 

aluminium and sodium bentonite can be divided in to several 

types. As a result of volcanic ash, weathering in the presence 

of water, results in the formation of bentonite clay minerals. 

The two most common types of bentonite including calcium 

and sodium bentonite, both of which are used mainly in 

commercial processes. Calcium bentonite is an excellent 

adsorbent due to its excellent colloidal properties, and 

swelling properties  and can effetely use in oils and fats 

solutions [32]. 

 

5.3 Kaolinite Clay 

Kaolinite clay has general formula Al2SiO2.5(OH)4. 

Trioctahedral and dioctahedral are the forms of kaolinite clay. 

Dioctahedral clay minerals include nacrite,  halloysite  

while the Trioctahedral clay mineral includes cronstedite, 

chryosite etc. [33].  The basic structure of the kaolinite group 

is consisted of silicate sheets (Si2O5) which is tightly bounded 

to aluminum oxide or hydroxide layers (Al2(OH)4) which also 

termed as gibbsite layer. It is a silicate mineral, which 

consists of an alumina tetrahedral sheet that is joined by 

oxygen atoms to form an octahedral sheet. The principal 

structural unit of this group is a layer composed of one 

octahedron connected with tetrahedral sheet. . Aluminium 

occupies octahedral sites in octahedral mineral while 

magnesium and iron occupy these sites in trioctahedral 

minerals. Kaolinite and halloysite are singlelayer structures 

[34]. Kaolinite clay is the least reactive form of the clay with 

heterogeneous charge surfaces [35]. 

 

6. Adsorption mechanisms of different clays 

Several steps are involved in the mechanism of 

adsorption process of dye removal. The processes involved in 

the mechanism of adsorption include dye diffusion, 

intracellular diffusion, and adsorption of particle on the 

surface of the clays. The equation below explain the 

adsorption of dyes (cationic) on clay adsorbents 

 

R4N+ Cl                                 R4N+    +     Cl- 

Na---Clay                                              Clay-    +      Na+ 

R4N+  +  (clay)-                        R4N----clay 

In the first step of the above reaction, dyes dissociates into the 

positive and negative ions. In the second step, addition of clay 

exchange the position of cation. In the third step the surface 

of clay left negatively charged, and the dyes are positively 

charged compounds that are attracted towards the negatively 

charged sites of the clay surfaces. This attraction maybe of 

electrostatic interaction, or ion exchange process [36]. 

7. clay minerals [27] 

Clay minerals classification based on the layering of 

the clays (Flow chart 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flow chart 1: Classification of clay minerals 

 

 

Two layer type 

Sheet structures with silica 

tetrahedron layers and one alumina 

octahedron layer. Examples include 

the Halloysite, and Kaolinite  groups. 

Three layer type 

Sheet structures with multiple sheets 

of silica tetrahedrons and one 

dioctahedral, and trioctahedral layer 

in the centre. EXP: Smectite, and 

sodium. montmorillonite.  

Regular mixed layer type  

Ordered stacking of different types 

of alternate layers 

EXP: Chlorite groups. 

Chain structure type 

Hornblende chains of silica 

tetrahedron joined by octahedral 

group on the sodium group. EXP:  

Minerals containing Oxygens. 
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8. Modification methods for different Clay’s group 

Modification of clays using several physical and 

chemical treatments enhance the adsorption properties, and 

porosity of clay minerals. Different methods are used to 

modify the clay minerals some of them are pillaring of clays, 

polymer modification, acid treatments and many others [37]. 

 

8.1. Nano-clay 

Layerd tubes, fibrous crystal, and negative charged 

sites are the properties of various clay minerals. Kaolinite and 

mica clays can be exfoliated into nanorods and nanotubes or 

nanosheets. Exfoliation of clays give an advantage of 

complete dissociation of clays and formation of nano-scale 

clay units while the modification of clays via pillering can 

only increase distance between the layers of clays. Exfoliated 

nano-clays gives another advantage of high surface area and 

largly exposed surface sites for the process adsorption. 

Modification of clays with fuctional polymers and other 

coupling agents to make it nanocomposite material, increase 

its adorption capacity [38]. Nanocomposites materials can be 

synthesized by many functional-polymers and chelating 

groups. Nanocomposite clay minerals serve as cost effective 

adsorbent for the removal of organic inorganic pollutants 

from industrial effluents .The industrial effluents contain 

dyes, heavy metals or many other inorganic ions. Varieties of 

nano-composites can be prepared from nanoclays with 

different morphologies including (1D,2D nano sheets and 

nano tubes) and NPs [39]. 

 

8.2. Polymer modification of Clay 

Modification of clays using polymers enhance 

adsorption capacity of clays. -OH, -COOH, and -NH2 

functional groups can be easily introduced in the interlayer 

space and surface of clays via the process of polymerization. 

Selective adsorption can be achieved by polymer modified 

clays, and form strong attraction with heavy metals. 

Epicholorohydrin dimethylamine modified bentonite clay 

shows selective adsorption from wastewater containing 

different ions like lead, cadmiumand mercury, because of 

selective adsorption properties of the modifye clays, it can 

adsorb mercury specifically. This provides a new method of 

selective removal of heavy metals from wastewater with 

specific functions [1-40]. 

 

8.3. Acid activation  

Acid solution with strong acids like HCl, HNO3, and 

H3PO4 are used to exchange protons from interlayer using the 

process of activation to enhance the porosity and SSA of the 

clays. The edges of the layered clays are open to escape ions 

from the tetrahedrons and octahedrons during the process of 

pickling SSA of clay minerals. Inorganic and organic acids 

are usually used for acid activation of clays and gives better 

results as compared to others The two important factors that 

affect the properties of the acid washed modified clays are 

acid dosage, and its treatment time. Acid modification of 

clays using thermal and acid treatment increase the surface 

area of the clay minerals. The 48.3 mg/g is the adsorption 

capacity of the tungsten clay that is much higher than other 

natural clays minerals [41]. 

 

 

 

8.4. Pillared clays  

Native clays can be modified in a variety of ways, 

allowing the improvement in their properties like porous 

structure of the clay. Modification of clays via pillaring 

involves various stages. Metal salts are hydrolysed by alkali 

agents that lead to the formation of hydroxocation, this is the 

first step for the synthesis of pillaring solution. The interlayer 

cation of clay is exchanged with the polynuclear 

hydroxocation (pillaring solution cation), in the second step 

of pillaring. This exchange of cation increase the space 

between the layers and allow the clay to swell. The last step 

is thermal treatment, which includes dehydration and 

dehydroxylation of interstitial polyhydroxocations. Metal 

oxides are formed between the layers of montmorillonite, that 

form strong oxygen bridge with alumosilicate layers of clay. 

Columnar or pillared clays are those that have been modified 

using pillaring  technique [42]. 

 8.5. Organosilane modification of Clays 

Organosilanes are chemicals with monomeric 

silicone-based compounds that resemble hydrocarbons in 

structure. Organosaline modification of clays is achived by 

grafting of organosilane on clays. Condensation of clays 

occur due to the transfer of alkoxy group into silanol group in 

the process of hydrolysis. The varying functional group of 

organosilane modified clays give the clays some additional 

functions. Hydrogen bonds are formed between the OH group 

and silanol group on the surface of the clay. Amino siloxane 

incorporate between the layers of monmorilonite clay and 

forms a cubic structure. The amino groups with high 

affinity(metal-bonding sites) enhance the adsorption capacity 

for several ions such as cupper, and  lead [43].   

 

8.6. Organic modified clays 

Organic modified clays are classified into three 

different types, based on the process of modification and the 

molecular structure of the modifiers. Type I is related to 

surfactants, mainly including cationic, anionic and non-

ionic/zwitter-ionic surfactants. Type II is associated with 

polymers and type III is associated with organosilanes. 

 

 9. Removal of heavy metals by Kaolinite Clay 

 9.1 Raw Kaolinite Clay 

Kaolinite clays have a low ion exchange capacity, 

but despite this property, they can be used to remove heavy 

metals. This behaviour can also be formed by modifying 

appropriate treatment techniques. It was reported that raw 

kaolinite clay minerals can be used to remove heavy metals, 

including Pb, Ni, Cu, and Cd, from industrial wastewater. 

Kaolinite clays use the ion exchange and adsorption 

processes to remove heavy metals. The adsorption of metal 

ions is decreased as the concentration of electrolyte increases 

because this causes the shielding of the surface negative ions 

by electrolyte ions. So it was determined that the process of 

adsorption slows down as the concentration of electrolyte 

increases [44]. It was observed that the adsorption process of 

kaolinite is changed after thermal treatment. The adsorption 

potential of kaolinite for eliminating pb ions from aqueous 

solutions was studied. Temperature-related increases in 

retention capacity were observed [45].
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Figure 1 (a). The 1:1-layer minerals contain one tetrahedral and one octahedral sheet in their basic structural unit 

 

 

Figure 1 (b). \The crystal units (layers) of these minerals are characterized by an octahedral sheet sandwiched between two 

tetrahedral sheets. 

 

Figure 2 (a). The basic building block of tetrahedral sheet is a unit of Si atom surrounded by four oxygen atom known as silica 

tetrahedral 
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Figure 2 (b). Octahedral unit is comprised of closely packed oxygens and hydroxyls in which aluminum, iron, and magnesium 

atoms are arranged in octahedral coordination 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Some natural inorganic adsorbents from different sources 

 

 

 

 

 

Agricultural by-

products/waste materials 

Natural adsorbents 

Forestry waste adsorbents 

Industry/mining generated 

wastes as adsorbents 

Soil, Chitin, Chitosan Clays, 

Zeolites,Wood, Peat Coal 

Husks, Shells Straws Saw dust 

Cellulose Corncob Wheat bran 

  

Grasses Bamboo, Barks ,Stems 

,Stalks,,Leaves ,Shrubs, Xanthates  

Mill waste, Mud, Red mud, Slags, 

Eggshell 



IJCBS, 24 (4) (2023):198-207 
 

Yaqoob and Mushtaq, 2023    204 
 

 9.2. Modification of kaolinite Clay 

Adsorption of Pb ions on the tripolyphosphate form 

of modified kaolinite was 'optimised' into two stages. Pb ion 

adsorption usually occurs at O-P-O negatively charged sites. 

The adsorptive ability of TPP-modified kaolinite clay 

increases as the presence of "negatively charged sites" per 

molecule increases [46-48]. 

The study's mechanism revealed that clay minerals act like 

chelating sorbents with humic acid as compared to "inorganic 

ion exchangers" for heavy metals removal. It was observed 

that the SPP-modified clay will effectively be used as an 

adsorbent for the removal of Pb, Zn, and Cd ions from 

industrial effluents. The adsorption capacity of SPP-modified 

kaolinite increases at different temperatures for metals 

including Pb, Zn, and Cd. The adsorption capacity of 

kaolinite clay in its unmodified form is compared with that of 

aluminium sulphate-modified clay for the removal of lead 

from different aqueous solutions. Under favourable 

conditions, the adsorption of Pb ion on modified kaolin clay 

is much greater than (4.5) folds that of unmodified kaolin 

clay. The process of adsorption starts increasing with an 

increasing level of Ph. Natural and raw kaolinite produced 

excellent results. The majority of results found that increasing 

concentration resulted in increased adsorption. Adsorption 

increased with pH and decreased with precipitation. The 

optimal pH for many metal adsorptions was in the 5–6 range. 

Many studies reveal that the process of adsorption is fast 

when initiated and at high temperature. Its equilibrium was 

reached after a few hours of initiation [49-51]. 

 

10. Raw vermiculite 

Vermiculite is a naturally occurring adsorbent with 

the potential of removing hazardous heavy metals from 

wastewater in its raw form. Vermiculite clay’s ability to 

adsorb Pb ions from aqueous solutions was studied. It was 

noted that the ionic strength of the electrolyte affects the 

adsorption of metal ions on the surface of the adsorbent 

because ions are competing for their adsorption. It was noted 

that the "coexisting" heavy metals have to compete for their 

adsorption on the same adsorptive site. The adsorption 

capacity of trivalent metals is greater than that of divalent 

metals. When these metals are added to the solution, they 

replace the already adsorbed divalent ions [52]. It was noted 

that cesium can be removed from aqueous solutions using 

vermiculite as an adsorbent at various temperatures. 

According to the experimental results, it was revealed that the 

adsorption process of cesium on vermatite is a very slow 

process, and the yield is also very slow. So it was concluded 

that vermiculite can only be used at high temperatures [53]. 

 

10.1 Modified vermiculite 

A vibration mill was used to perform 

mechanochemical treatment on vermiculite. The 

mechanochemical treatment reduced particle size while 

significantly increasing the "surface area" of the clays. The 

"mechanochemical treatment" of vermiculite’s clay improved 

its Pb adsorption capacity. Modified vermiculite was 

prepared to increase the heavy metal adsorption capability of 

vermiculite clay. In a study, the adsorption capacities of 

chitosan-g-poly," also known as acrylic acid, were compared 

with "CTS-Gpaa/VMT" hydrogel to remove lead and 

cadmium from industrial aqueous solutions. About 90% of 

the total adsorption was completed in just 3 min. at 303 k for 

lead and cadmium ions from aqueous solutions. The removal 

of Pb and Cd from aqueous solutions using the process of 

adsorption follows the ion exchange, electrostatic attraction 

mechanism [54]. For the effective removal of cesium ions 

from industrial effluents, large surface area and highly porous 

modified clay (ethylamine-modified vermiculite) was 

prepared. The adsorption capacity for cesium is highly 

increased after modification. According to the results it was 

found that the (Ethyl-VER,) modified clay with excellent 

surface area, and highly porous structure shows better results 

as compared to the raw clay [55]. 

 

11. Some natural inorganic adsorbent 

Expensive treatments cannot be employed on large 

scales due to high energy consumption. Therefore, the need 

for developing adsorbents with low cost and high efficiency 

is getting attention. Adsorption is considered to be the most 

efficient technique to remove dyes and heavy metals from 

wastewater and can be employed on large scales as well. 

Natural materials from various industries and agricultural 

waste are considered low-cost adsorbents. Some of them are 

grouts, egg shells, seeds, straws, and many more. They are 

used as an adsorbent for the removal of pollutants from 

wastewater [56]. Some natural inorganic adsorbent derived 

from different sources enlisted in figure.3. 

 

11.1. Red mud  

Red mud can be used as an adsorbent to treat 

phosphorus-containing water, like phosphates. Red mud 

driven from Bayer's process in the refining industry has high 

removal efficiency in wastewater treatments. RMA is a 

modified form of red mud and can be effectively used as an 

adsorbent for phosphate removal. This clay is modified by 

using nanocrystaline material (akaganeite) [57]. RMA 

(modified red mud) has a wide pH range and a high rate of 

adsorption as compared to ferric hydroxide-modified clay 

many experiments demonstrate that the granules and RMA-

modified clays effectively remove sulphate from wastewater 

(without affecting phosphate uptake). Granules-modified 

clays lost half of their phosphate adsorbed on their surface 

while the RMA did not [58]. 

 

 11.2. Fly ash from industries  

Fly ash driven from paper mills can be used as a base 

material to create efficient bioadsorbents. Wood ash is the 

most commonly used ash as an adsorbent. The composition 

of ash reveals that it can be used as an adsorbent for the 

removal of inorganic contamination from industrial effluents. 

Arsenic can be selectively removed from wastewater using 

ash as an adsorbent. This method is also used to reduce the 

concentration of arsenic in the aqueous solution to an 

acceptable level. Iron-modified ash can also be used as an 

arsenic removal adsorbent. The adsorption capacity of fly ash 

is nearly equal to that of activated carbon. It was found that 

the modified ash fly gave better results as compared to the 

raw ash fly [59]. 

 

11.3. Fruit waste 

Fruit waste (cellulose-based waste) can be used as 

an adsorbent for the removal of dyes from wastewater. Juice 

and soft drink industries from around the world discard fruit 

peel and pith, which can be used as adsorbents in adsorption 

treatments of wastewater. India is the largest consumer of 
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fruits, which results in huge waste that can be used as 

adsorbents [60]. 

 

11.4. Wood shaving 

Spruce wood shvings (Picea abies) are used for the 

adsorptive removal of both basic and acid dyes from 

wastewaters. Na2CO3, HCl, and Na2HPO4 are used for the 

modification of adsorbents. The wood sorbents, when treated 

with either an alkaline solution of carbonate or phosphate 

solution, enhance the ability for sorption of MB, a basic dye; 

however, when treated with any mineral acid, there is a 

reduction to a certain extent observed in the sorption 

capability of MB, with a Langmuir Freundlich value range of 

0.060 to 0.165 mm. The total opposite results were obtained 

for Egacid Orange, an acid dye that obtained the sorption 

maximum in a range from 0.045 to 0.513 mmol/L. In 

addition, the sorption efficiency for a basic dye decreases 

with lowering the pH, while the acid dye shows an increase 

in the sorption capacity with a decrease in pH value when 

estimated using the mechanism of ion exchange for 

measuring sorption. Although dye sorption ability is mildly 

affected by any inorganic salt or the presence of surfactant 

[61]. 

 

12. Conclusions 

Clay minerals have gained significant attention as 

highly effective adsorbent materials due to their properties, 

such as high cation exchange capacity (CEC), large surface 

area, and porosity. Modified clay minerals exhibit enhanced 

removal efficiency compared to raw clay minerals. Various 

experimental parameters, including temperature, dye 

concentration, and pH, have been explored to compare the 

adsorptive performance of different clays in different forms 

(raw, modified, etc.) belonging to different classes for 

removing dyes and heavy metals from aqueous solutions. 

However, some studies lack comprehensive characterization 

of different clay classes used as adsorbents, warranting 

further investigation in future studies. Characterization 

techniques like scanning electron microscopy (SEM), X-ray 

diffraction analysis (XRD), and Fourier transform infrared 

(FTIR) are commonly employed. To advance the field, future 

research should focus on evaluating the working conditions 

and optimization of "clay-based reactors" to scale up the 

adsorption process. Emphasis should also be placed on 

developing potential methods for regenerating adsorbents, 

ensuring reusability, and refining the adsorption process to 

enhance the performance of clay-based adsorbents. 

Additionally, further research is needed to understand the 

surface morphologies of different clays, different 

modification methods (e.g., interlayer pillaring), and the 

mechanisms underlying dye and heavy metal adsorption on 

activated clays.The adsorption capacity of clays depends on 

factors such as size, volume, and shape of the clay particles. 

Furthermore, the adsorption performance of various 

adsorbents is influenced by the surface morphology of the 

inorganic materials used. The pH of the solution plays a 

crucial role in the adsorption process of inorganic adsorbents. 

Altering the pH can modify the surface charges of the 

adsorbents, affecting their interaction with dyes. Generally, a 

higher pH favors adsorption of positively charged dyes onto 

negatively charged surfaces through ion exchange and 

electrostatic forces of attraction. The optimal pH range for 

inorganic material adsorbents is typically around 5-8, which 

facilitates maximum adsorption of dyes. Consequently, the 

morphology of the adsorbent's surface significantly 

influences the removal of dyes from industrial effluent. 

Modified clays exhibit superior adsorption performance 

compared to raw clays, as various activation methods 

enhance their properties, surface area, and selectivity 

. 
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