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ABSTRACT 

In this study, adsorption of Phenol and Crystal Violet (CV) dye was investigated 

while using adsorbent Biosilica hydrogel nanocomposites. Biosilica hydrogel 

nanocomposites were prepared using the hydrogel extracted from okra mucilage 

and silica extracted from sugarcane bagasse. To examine the functional groups 

and morphology, these nanocomposites were characterized via Fourier Transform 

Infrared Radiations (FTIR), and Scanning Electron Microscope (SEM). The batch 

adsorption experiments were performed by varying factors such as pH, contact 

time, adsorbent dose and initial concentration. From the results it was found that 

the maximum removal of crystal violet was 83% at 0.1g/250mL, initial 

concentration 30 ppm, pH 12 and contact time of 30 minutes. Phenol showed the 

removal of 79% at optimum conditions i.e. dosage 0.4g/200mL, initial 

concentration 10 ppm, pH 7 and contact time of 15 minutes. Langmuir was best 

fitted for phenol (qm 16.28 mg/g) while Freundlich (qm 120.48 mg/g) for crystal 

violet. Hence, the results indicate that the biosilica hydrogel nanocomposites 

proved to be more effective for removal of crystal violet as compared to phenol. 

Moreover, the synthesized adsorbent can be used as the efficient and cost-

effective alternative for the adsorption of toxic pollutants and coloring agents 

from wastewater. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of the study 

The untreated wastewater is the major cause of environmental pollution which 

ultimately hinders the growth of a sustainability community. Rapid 

industrialization, uncontrolled urbanization, agricultural activities, and many other 

anthropogenic activities are responsible for wastewater production. Furthermore, 

improper disposal of waste into water bodies is also aggravating the situation. 

There are number of inorganic and organic toxins that are released into water 

resources from industries [1]. There are different types of organic pollutants 

present in water bodies such as pesticides, fertilizers, hydrocarbons, phenols, 

plasticizers, biphenyls, greases, pharmaceuticals etc. Generally, organic pollutants 

have one or more cyclic ring either of aromatic or aliphatic nature, and a variable 

number of halogen substitutions. All these factors make them persistent in the 

environment. Inorganic pollutants includes metals and their compounds, such as 

the inorganic salts, mineral acids, oxides, trace metals, ores of metals, cyanides, 

and sulfates etc. They are very poisonous even at low concentrations and cause 

serious health problems [2]. 

Phenols and dyes are the pollutants of main concern now days due to their 

excessive use and toxicological impacts [3]. Phenol releases from industries and 

persists in environment for long periods of time. Phenol generally consists of 

aromatic 3 hydrocarbon ring and substituted hydroxyl group. These compounds 

are generally less soluble in water as compared to organic solvents. Phenols and 

its compounds are mostly used in the manufacture of resins, xylenols, cresols, 

alkylphenols. It is also released as a byproduct in the production of 

pharmaceutical products, dyes, indicators and germicidal paints etc [4]. 
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Phenol is widely used in industrial sector, such as packaging, plastics, fabrics, and 

rubbers. The wastewater discharged from these industrial processes cause 

environmental and other hazards.  

It is reported that concentrations of phenol ranging from 9–25 mgL-1 is harmful 

for humans and other organisms. Therefore, it is vital that techniques should be 

established for recovering and recycling of different phenolic compounds. 

Currently, phenolic compounds are removed from aqueous media using old 

methods such as coagulation, membrane separation, flocculation, extraction, and 

adsorption. Adsorption is the most preferred approach due to certain features such 

as pollution-free nature, high performance and cost-effectiveness [5].  

Globally, the textile industries are responsible for approximately 75% of dyestuff 

marketplace and almost 10,000 varieties of dyes are applied for printing or 

coloring. This unnecessary usage of dyes contaminates the groundwater and 

surface water through effluent discharge. The living organisms in aquatic bodies 

suffer from low level of dissolved oxygen due to increased COD. Furthermore, 

they also affect the quantity of light penetrating into water, decreased the quantity 

of light penetrating into the water body, leading to more biochemical oxygen 

demand (BOD),and diminishing of activities of aquatic plants related to and thus 

negatively impacting the food source of aquatic organisms. Dyes are not harmful 

for environment but also for human health.  Intake of water containing synthetic 

dyes can cause carcinogenic, genotoxic and mutagenic effects [6].  

Crystal violet is a cationic dye and mostly utilized in paper, medical, and various 

other industries. It is known to be a most biohazardous substance as it is not only 

toxic or mutagenic but also genotoxic and carcinogenic in nature. Furthermore, 

CV has very dark color and has ability to cause disruption in aquatic environment. 

It is reported that even low concentration (e.g. 1 mg/L) of CV has potential to 

enhance the turbidity level of water and hence, hindering the photosynthesis 

process of aquatic plants. The exposure of CV to humans may cause respiratory 
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disease, chemical cystitis, eye irritation, kidney failure, permanent blindness, heart 

rate, and cancer [7]. 

1.2 Advanced Wastewater treatment technologies 

Various wastewater treatment technologies are employed owing to the 

harmfulness of contaminants. The processes of wastewater treatment include 

advanced oxidation processes, attached growth treatment processes, membrane 

processes, ozonation, membrane bioreaction, coagulation, flocculation, etc. These 

above-mentioned methods are capable to treat specific types of particulates to 

some degree, but they are not capable enough to remove all other kinds of 

contaminants or pollutants that are present in wastewater [3].  

1.2.1 Nanomaterials for wastewater treatment 

There are different types of nanomaterials which are used for various applications 

[8]. The properties of nanomaterials such as nanoparticles or nanocomposites are 

different as compared to bulk materials. The integration of nanomaterials into the 

hydrogel has been of great interest due to various applications. The swelling 

abilities of hydrogel are attributed to the presence of hydrophilic functional 

groups (primary amidic, hydroxyl, carboxylic etc.) found in polymer matrices. 

The insoluble nature of hydrogel is due to crosslinking between the polymer 

chains. This crosslinking between chains is responsible for the three dimensional 

structure of hydrogel. The chemistry between hydrogel and other nanomaterials 

can be understood through crosslinking between network chains [9].This 

innovative incorporation of nanomaterials and hydrogel produces structural 

diversity. Mainly nanocomposite hydrogels are formed though covalent or 

physical bond between hydrogel and nanocomposite. Currently, different kinds of 

nanomaterials derived from metal (gold, silver), metal oxides (iron oxide, titanium 

oxide), inorganic compounds (silica, silicates), carbon nanotubes and graphene are 

combined with hydrogel to produce hydrogel nanocomposites with more 

enhanced functionalities, and mechanical strength [10]. 
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1.2.2. Hydrogel Nanocomposites for wastewater treatment 

Hydrogel nanocomposites have gained attention as potential materials for 

wastewater treatment due to their unique properties and capabilities. Moreover, 

these networks of hydrophilic polymers have the ability to absorb water or other 

fluids. When combined with nanocomposites, which are materials containing 

nanoparticles dispersed within a matrix, hydrogels can exhibit enhanced 

properties and functionalities for wastewater treatment [14].  

Hydrogel nanocomposites can be engineered to have a high surface area and 

porous structure, enabling efficient adsorption of various contaminants from 

wastewater. Nanoparticles incorporated into the hydrogel matrix can enhance 

adsorption capabilities, thanks to their high surface area, surface reactivity, and 

specific affinity toward certain contaminants. Examples of nanoparticles used in 

hydrogel nanocomposites include activated carbon, graphene oxide, and metal 

oxide nanoparticles. Moreover, they can effectively remove heavy metals from 

wastewater through adsorption or ion exchange mechanisms. Metal-selective 

nanoparticles embedded in the hydrogel matrix can enhance the selectivity and 

efficiency of heavy metal removal. Additionally, functionalization of the hydrogel 

with ligands or chelating agents can improve the complexation of metal ions, 

enhancing their removal from the wastewater [14]. It's worth noting that the 

development and optimization of hydrogel nanocomposites for wastewater 

treatment is an active area of research. Factors such as the choice of polymers, 

nanoparticles, and fabrication methods can significantly impact the performance 

and efficiency of these materials. 

Mucilage extracted from okra, also known as okra gum or okra polysaccharide, 

has been studied for its potential applications in wastewater treatment. Okra 

mucilage contains high amounts of polysaccharides, which give it its thick, gel-

like consistency. These polysaccharides have shown promising properties for 

various environmental and industrial applications, including wastewater 

treatment. There are many potential uses of mucilage extracted from okra for 

wastewater treatment such as coagulation and flocculation. Okra mucilage can be 



5  

used as a natural coagulant and flocculent in wastewater treatment. When added 

to wastewater, it can help in the aggregation of suspended particles and colloids, 

making them easier to remove through sedimentation or filtration processes. Okra 

mucilage has shown comparable or even better coagulation and flocculation 

performance compared to traditional synthetic chemicals.  

 

Figure 1.1. Polysaccharide of okra mucilage 

The Okra mucilage has been investigated for removal of heavy metals from 

wastewater. The polysaccharides present in okra mucilage can form complexation 

bonds with metal ions, facilitating their removal from water. This process, known 

as chelation, can help lowering the heavy metals concentrations in wastewater, 

making it safer for discharge or reuse.  

Moreover, okra mucilage has shown potential in adsorbing organic compounds 

present in wastewater. The polysaccharides can act as an adsorbent, attracting and 

binding to organic pollutants, such as dyes, oils, and organic solvents. This can 

help in reducing the organic load of wastewater and improving its quality.  

Additionally, one of the advantages of using okra mucilage in wastewater 

treatment is its biodegradability and environmental friendliness. Unlike synthetic 

chemicals, okra mucilage is derived from a natural source and has low toxicity. Its 

degradation by microorganisms minimizes the environmental consequences as 

compared to orthodox treatment methods [13].  
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The aim of present study is to utilize the waste material to produce valuable 

products. In present study sugarcane waste was used to extract biosilica. Biosilica 

has porous nature and large surface area, which makes it effective for removal of 

pollutants wastewater [11]. Biosilica was then incorporated in hydrogel 

synthesized from okra mucilage. The biosilica hydrogel nanocomposites were 

used for removal of phenol and crystal violet dye from wastewater. 
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RATIONALE 

Industrial and municipal activities release a large quantity of polluted wastewater 

which is discharged to the surface water bodies without any proper treatment. In 

Pakistan, environmental quality is degrading day by day. Improper wastewater 

treatment and disposal is considered to be the responsible factor for deterioration 

of environmental quality as well as human health in Pakistan. Large amount of 

organic and inorganic pollutants increases the COD of wastewater that should be 

reduced before its discharge. Presence of phenol content even at low 

concentration increases the toxicity of wastewater. High level of phenols and dyes 

is not only injurious to the aquatic life but causes serious health issues to humans. 

Moreover, discharge of untreated wastewater containing toxic colored compounds 

is a threat for human beings and aquatic life. Persistence and toxic nature of dyes 

at even small amount of dye in environment may cause serious impacts. It is vital 

to develop economic and environment friendly techniques to remediate 

wastewater. The aim of this study was to synthesize biosilica hydrogel 

nanocomposite via greener approach and further apply them for the reduction of 

wastewater pollutants specifically phenol and removal of dye i.e. crystal violet 

from the water. 
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OBJECTIVES 

The objectives of the study were: 

 Synthesis of bioadsorbent i.e. biosilica hydrogel nanocomposites and their 

characterization (SEM & FTIR). 

 Application of synthesized biosilica hydrogel nanocomposites for the removal of 

phenol and crystal violet dye from wastewater. 
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CHAPTER 2 

LITERATURE REVIEW 

With a rapid increase in industrialization, proper management and disposal of 

wastewaters is the biggest threat to the environment and it hinders the goal to 

achieve a sustainable development of the human society.  Effluents discharged 

from different industrial sector such as paper, cosmetics, pharmaceuticals, textiles, 

and plastics is considered one of the most critical and serious problem [14, 15]. 

Treatment of wastewater to remove harmful pollutants and chemical substances is 

a critical issue.Many researches are carried out to investigate the behavior of 

hydrogels and nanomaterials for removing the dyes and phenolic compounds from 

wastewater. Few of them are mentioned below. 

Sugarcane bagasse has high content for silica that’s why it’s a good approach to 

synthesize biosilica for wastewater treatment. Mohd et al. [16] carried out the 

synthesis of silica nanoparticles using sugarcane bagasse. The processes of 

precipitation and extraction were used due to certain reasons such as emission of 

less toxins, need of low energy, and economic feasibility. Furthermore, it was 

revealed that these Si NPs have amorphous nature with specific surface area of 

111 m2/g−1, and average size of 30nm.  

Similarly, Seroka et al. [17] carried out the green synthesis of biosilica from 

sugarcane bagasse. In this study, L- Tetrapropylammonium Hydroxide, and 

cysteine hydrochloride monohydrate acid were used for extraction of silica. This 

nanosilica was further examined using the analytical techniques to check 

chemical, structural and morphological properties. The results of SEM showed the 

silica nanoparticles were present in form of agglomerates having uneven shapes 

and sizes. It was also observed that few spherical particles were also present. The 

Si~O~Si bonds were observed at 461.231 cm−1, 787.381 cm−1 and 1045.99 cm−1. 

These all analysis confirms that silica was successfully extracted from sugarcane 

bagasse ash.  
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Alves et al. [18] used the agricultural waste for extracting biosilica. Various 

factors having potential to effect the particle production of silica were assessed 

carefully. The best state for production of biosilica was attained at temperature 

upto 80°C for 1 h. The synthesized silica possessed the amorphous nature with 

99% purity. The results suggested that sugarcane waste ash can be used reducing 

the environmental impact. 

The green adsorbents are particularly focused for reducing the water pollution. 

Prasad et al. [19] prepared biocomposite of biosilica for adsorption of chromium 

and copper ions from aqueous solution. The specific surface area and pore size 

were found to be 751.9 m2/g and 7.21 nm. Additionally, various parameters such 

as adsorbent dose, initial concentration, contact time, and pH were studied in 

detail. The results revealed the adsorption capacities were 201.56 mg/g and 

331.69 mg/g for Cr6＋ and Cu2+ ions, respectively.  

The use of sugarcane bagasse for adsorption of Acid red 1 dye from wastewater 

was studied by Kamran et al. [20]. The synthesized biosorbent and biocomposite 

were characterized. The batch adsorption experiments were carried out and 

optimum conditions found at 2 pH , 0.05 g dose, 75 min contact time, 400 mg L−1 

initial dye concentration, and 30 °C. The maximum adsorptive capacities were 

143.4–205.1 mg g−1 due to binding sites and specific surface area. 

Similarly, Lui et al. [21] reported a cross-linking method for the fabrication of 

silica hydrogel. The alkylsilane groups were grafted onto nanoporous silica.  It 

showed great specific surface area of 51.3 m2g–1and good dye adsorption ability. 

Furthermore, colloidal electrokinetic potential analysis also exhibited the 

exceptional adsorptive capacity of cationic dyes. The hydrophobic interactions 

studies revealed the adjustment of dye adsorption phenomenon by changing 

various concentrations reagents found in hydrogel. This clearly demonstrates the 

practical usage of this synthesized silica hydrogel. The adsorption efficiency was 

found up to 90% by regenerating the gel for almost 6 cycles. 
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Similarly, El et al. [22] carried out alkaline treatment followed by a bleaching 

process to produce biodegradable cellulose from sugarcane bagasse. It was used 

for removal of two dyes i.e. Crystal violet and Methylene blue. The functional 

groups of treated sugarcane bagasse were examined using analytical 

techniques. The variables such as dose, contact time, initial concentration, and 

NaCl dose were also studied. For the CV and MB-dyes, the maximum adsorption 

capacities were (qmax) 107.5 and 112.9 mg/g, respectively. The adsorbent was 

discovered to be an efficient, cost-efficient, and eco-friendly. 

Sujan et al. [23] introduced the bi-functional silica crosslinker for immediate 

augmentation of swelling capacity of hydrogels. The swelling capacity and 

mechanical properties were two important features of the hydrogels. These bi-

functional silica nanoparticles have amine groups that have potential to offer the 

pseudo-crosslinking effects. The polyacrylic acid (PAc-Si) and polyacrylamide 

(PAm-Si) hydrogels were prepared. The hydrogels were incorporated with BF-Si 

crosslinkers and exhibited prominent improvement in mechanical properties and 

swelling capacity.  The swelling ratio for PAc-Si was 60 and for PAc-MBA was 

40 .This smart strategy can also be used for fabrication of many other hydrogels 

such as vinyl or acrylate polymer hydrogels. 

Tamer et al. [24] synthesized the graphene oxide (GO) comprising sodium 

hydroxyethyl cellulose (HEC) hydrogel beads and alginate (SA) for CV 

adsorption. The high adsorption capacity toward CV molecules was observed i.e. 

123.16 mg g−1 to 312.72 mg g−1 at pH 5. The Temkin and Langmuir isotherms 

were used to determine the monolayer adsorption of CV. The results showed that 

adsorption process was spontaneous and 79.4% removal of CV was achieved. 

The adsorption of dyes using hydrogels has played an important eco-friendly role. 

Silva et al. [25] synthesized the hydrogels using the conventional method (CM) 

and microwave-assisted method (MWM) for adsorption of azo dye Acid Blue 

113. The MW and CM hydrogels followed the Freundlich and Langmuir and 
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isotherm models, respectively. The microwave assisted hydrogel proved to more 

effective for removal of dye molecules for wastewater.  

Another study by Lv et al. [26] utilized sodium alginate and S. fusiforme 

polysaccharide (SFP/SA) to make a hydrogel. The study revealed that as SFP 

content grew, its cohesiveness increased, and thermal stability improved. The 

adsorbents effectively removed the CV molecules effectively. There were other 

significant factors than the intraparticle diffusion of CV dye. SFP/SA has shown a 

strong potential for regenerative adsorption. At the tenth successive cycle, its 

adsorption rate remained at > 97%, whereas SFP accounted for 80%. 

Moreover, Wu et al. [27] prepared semi-IPN hydrogels through a chemical cross-

linking process. Various analytical techniques and rheological measurements were 

used to investigate the chemical and physical features of semi-IPN hydrogels. 

Moreover, these hydrogels demonstrated the good adsorption (107 mg/g) towards 

crystal violet. The entire adsorption process was explained with help of Langmuir 

isotherm model. This study proves that semi-IPN hydrogels are very promising 

for CV adsorption. 

In another study, Santos et al. [28] carried out the preparation and characterization 

of poly composite hydrogel. The adsorbent was synthesized from poly-melamine-

formaldehyde and sodium silicate. The precursor for silica nanoparticles (Si-NPs) 

was sodium silicate. Further, adsorption potential of MB in hydrogel, rehydration, 

potential of zero charge (PZC), and dehydration were also evaluated. The results 

indicated excellent adsorption of MB (qmax of 140 mg/g) by this poly composite 

hydrogel. 

Dyes are very toxic even at low concentrations and their exposure is very harmful 

not only for humans but also for aquatic bodies. Therefore, many scientific 

experiments have been performed to treat wastewater containing dyes. Basaleh et 

al. [29] conducted experiment using industrial waste and for this purpose 

acrylamide-acrylic acid copolymer (AA) was introduced to baghouse dust (BHD) 

to get AABHD composite. This composite was then used for removing cadmium, 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/copolymer
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lead, and methylene blue. The different analytical techniques were used to 

characterize the adsorbent. Various parameters were analyzed for the evaluation 

of adsorption performance of AABHD hydrogel. The results indicated that 

adsorption efficiencies were 96%, 98%, and 98% and capacities were 503, 236, 

and 476 mg/g for MB, Cd and Pb respectively. Hence, it can be inferred that 

wastewater can be treated with AABHD as it is efficient for adsorption of MB and 

metal ions. 

The toxic dyes are very difficult to eliminate and hence, destructive for the 

humans and environment. So, it’s high time to make use of eco-friendly practices 

for removal of dyes. Aljar et al. [30] studied the adsorption of methylene blue 

using nanocomposites hydrogel beads system. The adsorbent removed dye up to 

90% after six consecutive adsorption-desorption cycles. The Langmuir isotherm 

was applicable and maximum adsorption capacity was 51.34 mg/g.  

Radhy et al. [31] synthesized composite hydrogel using polymerization of maleic 

acid and acrylic acid to remove the CV.  The Langmuir isotherm models were 

shown to provide a good description of adsorption, and the synthesized adsorbents 

demonstrated high removal efficiency for crystal violet.  

For the removal of phenol, Wang et al. [32] conducted an experiment. The 

composite hydrogels based on graphene oxide (GO) and hydroxypropyl cellulose 

(HPC) was produced. The single network composite hydrogel (SNCH), and the 

double network composite hydrogel (DNCH) were produced. The DNCH has a 

higher adsorption capability and more functional groups. The adsorption 

capacities of DNCH and SNCH were 213.5 and 136.5 mg/g respectively, at pH 7 

within 120 minutes. After six adsorption-desorption cycles, the SNCH and DNCH 

were utilized without experiencing reduction in the initial binding affinity. This 

demonstrated that composite hydrogels are suitable in practical applications. 

Currently, hydrogel nanocomposites are produced using different kinds of 

nanomaterials such as nanocomposites or metal nanoparticles metal oxides, 

inorganic, and graphene incorporated into hydrogels [10]. Wang et al. [33] 
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prepared grapheme nanocomposite hydrogel for adsorption of phenol. These 

nanocomposite hydrogel showed excellent mechanical characteristics and 

removed 74% of the initial 4-NP. The adsorbent proved to be a good alternative 

for removal of phenolic compounds from aqueous solutions.  

In another study, Nakhjiri et al. [34] synthesized magnetic double-network 

nanocomposite hydrogel by using copolymerization method. The adsorbent was 

characterized and its adsorption performance was checked for 4-nitrophenol and 

phenol. The results exhibited that phenol and 4-nitrophenol were removed up to 

77% and 83% at pH 7, respectively. Hence, this hydrogel proves to be appropriate 

adsorbent for the removal of these phenol and 4-nitrophenol. 

Iron can be used to synthesize low cost adsorbents. Iron nanoparticles coated with 

hydrogels are widely used for treatment of wastewater treatment. Shen et al. [35] 

conducted coprecipitation process to prepare the Fe3O4 magnetic nanoparticles 

with hydrogel coating (Fe3O4@hydrogel). It was exhibited that Fe3O4 surface was 

perfectly coated with hydrogel. This hydrogel coated Fe3O4 was employed as a 

catalyst for degradation of phenol in a Fenton-like reaction. The results from 

experiment have shown that approximately COD and phenol were removed up to 

80.4% and 98.2% respectively.  

Many studies are carried out that shows efficient removal of pollutants through 

crosslinking between nanoparticles and hydrogels. Rahman et al. [36] carried out 

a study for synthesis of hydrogels based on crosslinking between reactive 

copolymers and silica nanoparticles.  The synthesized silica nanoparticles cross-

linked acrylamide hybrid hydrogels were used for treatment of MB.  Different 

types of polymers such as pMS and pAS were used during this process. Various 

important factors i.e. temperature, initial concentration,  adsorbent dose, pH, and 

contact time were also analyzed. The results indicated that Langmuir model was 

better fitted and maximum adsorption capacities were 588.23 and 666.65 mg g−1,  

for pMS-Si and pAS-Si respectively. Furthermore, the synthesized adsorbents 

showed high selectivity towards MB dye molecules. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/adsorption-of-phenol
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/adsorption-of-phenol
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A study by Mittal et al. [37] prepared the hydrogel nanocomposites using xanthan 

gum (XG-HNC) for removal of CV molecules. The maximal adsorption capacity 

was found to be 1566.97 mg/g, and followed a pseudo-second-order rate equation. 

Moreover, the adsorption behavior of these hydrogel nanocomposites was also 

verified, to check out its potential for treating the dye molecules. Additionally, the 

reusability of XG-HNC was evaluated over the course of 20 continuous 

adsorption-desorption cycles. As a result, XG-HNC is a strong option for the 

adsorption of cationic dyes from wastewater due to its distinct structure and 

characteristics. 

Use of hybrid treatment method combining hydrodynamic cavitation (HC) for 

removal of CV dye molecules from aqueous medium was examined by Raj et al. 

[38]. Using the ultrasound polymerization method, a poly-acrylamide (PAM) 

nano-composite hydrogel with embedded TiO2 nanoparticles was generated. 

Hydrodynamic cavitation was used to degrade the CV dye, and a hydrogel 

adsorption column was used to subsequently adsorb the dye molecules. In 

comparison to its individual operation, the hybrid system accelerates the removal 

of dye at hydrogel loading of 5 g/L and inlet pressure to orifice at 3 bar. To 

determine the adsorption behavior, Langmuir and Freundlich isotherm models 

were assessed. 

Hydrogels made of a starch-graft-poly(acrylic acid) (SPAA) starch-grafted 

magnetic Fe3O4@SiO2 nanocomposite were produced by Pourjavadi et al. [39] 

and employed as absorbents for effective adsorption of CV from aqueous 

solutions. Due to the high magnetic sensitivity of the nanocomposite hydrogels, 

they could be magnetically separated from water without causing secondary 

contamination. The results showed dye removal upto 85% with a small amount of 

magnetic SPAA nanocomposites. According to the findings, addition of 

polysaccharides can boost the hydrogel microsphere's cohesion, and its ability to 

better bind crystal violet dye. 
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In another study, Basaleh et al. [40] investigated adsorption of two dye i.e.  

methyl orange (MO) and methylene blue (MB) using an efficient magnetic 

adsorbent that is Poly (acrylamide acrylic acid) grafted on steel slag. During this 

study, polymeric composite was prepared from steel making waste. This process 

carried out modification of steel slag with acrylamide acrylic acid resulting in 

formation of (SSAA) copolymer. This polymer was used for removal of MB and 

MO from synthetic solution.  

Physical adsorption and chemisorption mechanisms on polymer were observed for 

MB and MO. The MB and MO have maximum adsorptive capacity of 463 mg/g 

and 47 mg/g. The maximum removal efficiencies of 94% and 97% were reported 

for MB and MO respectively. This process was feasible enough to be used 

effectively for elimination of cationic and anionic dyes from wastewater. 

Singh et al. [41] carried the adsorption of malachite green dye by semi- 

interpenetrating network synthesized using Psyllium-Okra hybrid backbone. The 

crosslinkers and initiators were also used such as ammonium persulphate and 

acrylamide. The adsorbent removed up to 62.38% dye at optimum conditions such 

as 1 g dose, initial concentration 10 mg/l and time interval of five minutes. Thus, 

results indicated that semi-IPN was very efficient for removal of heavy metal ions 

and dyes. 

Furthermore, Ahmad et al. [42] investigated removal of crystal violet using peels 

of kiwi fruit and synthesized an adsorbent named polyacrylamide-

grafted Actinidia deliciosa peels powder (PGADP). Different batch experiments 

were performed with varying pH, temperatures, contact time, initial 

concentrations, and adsorbent doses.  The result showed that crystal violet dye 

was efficiently removed at contact time of 180 minutes, initial dye concentration 

of 20 mgL−1, and pH 7.3. Hence, PGADP can effectively remove CV dye from 

aqueous solution and industrial wastewater. 

CV dye is a toxic organic dye that is responsible for many health complications 

and environment pollution. Cheruiyot et al. [43] investigated the use of Waste 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/methylene-blue
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/acrylic-acid
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Coffee Husks (WCH) for removal of CV dye. Various factors such as dye 

concentration, adsorbent dose, pH, and contact time were evaluated. Moreover, 

the result showed that adsorption was highly favorable in at low temperatures. As 

surface area, contract time and initial concentration were increased, the rate of dye 

adsorption also increased. The CV was removed up to 94%  at pH 3 and 10 mins. 

The results showed that this Coffee Husk is very economical and cost effective. 

Kumar et al. [44] studied the adsorption of CV from the aqueous solution onto 

treated ginger waste .The parameters included the pH, initial dye concentration, 

contact time, and temperature. The kinetic data were evaluated using the pseudo-

first order, and pseudo-second order models. The maximum monolayer 

biosorption capacity was found to be 64.93, 227.27 and 277.7 mg/g at 30, 40 and 

50 °C, respectively.   

One of the main ecological issues faced by the world right now is synthetic dye 

waste. Algal biomass has become a potentially effective substitute for the treating 

wastewater. Essekri et al. [45] focused on the functionalization of brown algae 

(BA) by citric acid to improve its ability to adsorb dyes from textiles in aqueous 

solutions. The novel functionalized brown algae's morphological texture and 

surface chemistry were studied. Investigations were made into BA-CA's 

effectiveness at removing the crystal violet (CV) dye from wastewater. The 

thermodynamic characteristics strongly demonstrated the physiosorption, and 

spontaneous behavior of the CV elimination process. The regeneration 

investigation revealed that the BA-CA may be reused up to five cycles with 

outstanding results.  

The effectiveness of ex-situ crosslinked gellan gum/bacterial cellulose hydrogels 

as effective absorbents for the removal of safranin and crystal violet dye 

pollutants was examined by Nguyen et al. [46]. Citric acid (CA), a green 

crosslinker, was used in preparation as it is low-cost, and simple crosslinking 

technique. The analytical techniques were used for physicochemical and 

mechanical features of crosslinked hydrogels. Investigation into the hydrogels' 
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ability to remove dye revealed that, adsorption rate was higher for safranin dye, 

then crystal violet, with maximam adsorption capacities of 17.57 and 13.49 mg/g, 

respectively. Moreover, the results indicated that it was exothermic process as 

shown by the temperature dependency analysis. 

For the elimination of total phenolics and photocatalytic discoloration of high 

strength olive mill wastewater (OMW), the solid olive wastes-based adsorbent 

(CuOOC) with photocatalytic power was developed by Yuney et al. [47]. The 

results of the Brunauer-Emmett-Teller and FTIR investigations clearly 

demonstrated that CuO-OC oxygen-containing functional groups most likely took 

part in the adsorption of total phenols from the OMW via electrostatic, hydrogen-

bonding, and interactions. Additionally, after adsorption, the overall pore volume 

of CuOOC reduced from 0.068 to 0.052 cm3 g-1, indicating that phenolics were 

likely trapped in the micro- and mesopores of CuOOC. According to the 

adsorption kinetics, 82.7-95% of the phenolic compounds were removed in the 

first 360 minutes that is more quick removal rate compared to other adsorbents 

and techniques. The reuse efficiency of CuOOC remained at 60% after 5 

consecutive recycling. 
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CHAPTER 3 

METHODOLOGY 

3.1. Chemical and Materials  

Sugarcane bagasse ash, Phenol, Crystal Violet (CV), ammonium persulfate 

(APS), acrylamide (AM), N, N’-methylene-bis-acrylamide (MBA), hydrochloric 

acid (HCl), sodium hydroxide (NaOH), acetic acid (CH₃COOH), distilled water, 

Sodium carbonate (Na2CO3) sodium nitrate (NaNO3), 4-nitroaniline 

(C6H6N2O2).  

3.2. Collection of material  

Okra plant (Abelmoschus esculentus) and sugarcane bagasse were collected from 

the local market and vendors.  

3.2.1. Preparation and Acid Treatment of Sugarcane Bagasse Ash  

After the collection of sugarcane bagasse, it was sun-dried and completely burned 

using a furnace to get more fine particles of ash. This ash was stored in an airtight 

plastic container.  

The synthesis of Biosilica started with the acid treatment of ash. For this purpose, 

50g of ash was dissolved into 250 mL water, and 0.1 M HCl was added to it. It 

was put on an orbital shaker for 2-4 hours. Then this solution was filtered and 

oven dried for overnight at 120 °C temperature. The dried acid treated ash was 

grinded with mortar and pestle. This ash was stored in a plastic box. Figure 3.1 

shows the dry sugarcane bagasse and acid treatment process. 
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Figure 3.1 (a) Dry Sugarcane Bagasse (b) Ash containing crucibles in furnace 

(c) & (d) Acid Treatment 

3.2.2. Preparation of Okra Powder  

Okra was collected from the local market and washed to remove any dirt residue. 

The seeds from the okra pod were removed as they do not hold the mucilage. 

These pods were down and sundried. After sundry, the electrical grinder was used 

to grind the pods to make a fine powder. This powder was oven dried to prevent 

any kind of humidity and fungus formation and further kept in a plastic container. 
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3.3. Synthesis of Mucilage, Biosilica, and Biosilica Hydrogel Nanocomposites  

3.3.1. Mucilage Extraction from Okra Powder  

The mucilage was extracted from okra pod powder through a sequential process 

as explained by Mohammadi et al. [48]. The distilled water was added in pod 

powder with the ratio of 30:1 water to okra powder for extraction of mucilage and 

stirred gradually by using a magnetic stirrer for 6-7 hours. This solution was 

filtered properly with a white muslin cloth. After that, the acetone was added 3 

times to the quantity of filtrate while stirring. This reaction mixture was washed 

with ethanol for the removal of impurities. Lastly, the collected mucilage was 

oven dried at 100 ℃ for 2-3 hours. The final product obtained was ground with 

the help of mortar and pestle. 

 

Figure 3.2 (a) okra powder (b) filtration with muslin cloth (c) Mucilage 

3.3.2. Synthesis of Biosilica  

For preparing the silica, NaOH and distilled water were mixed in a 500ml flask 

and then ash was added to it. The mixture was placed on a hot plate at 100°C for 2 

hours stirring. The solution was cool down and filtered. The residue (ash) on the 

filter paper was washed with hot water. Then acetic acid was added to the solution 

drop wise to adjust the pH to 7. After adjusting the pH, the flask was covered with 

aluminum foil. After one day, the gel formed in the flask was washed with 

distilled water and then filtered. The filtrate silica was dried in an oven for 24hrs 

at 80°C. The dry form of biosilica was crushed into fine particles. 
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Figure 3.3. (a) Acid treated ash for silica extraction on hot plate (b) Solution 

pH adjusted to 7 by adding acetic acid (c) Silica gel (d) Silica gel sol. filtration 

(e) Silica gel after drying (f) silica powder placed in vial 

3.3.3 Synthesis of Hydrogel  

The hydrogel was prepared through using the graft copolymer process as 

described by Mittal et al. [42] with the slight alterations. The different 

compositions of hydrogels were synthesized using the initiator, monomer and 

cross linker (Table 3.1). These different hydrogels were oven dried at 70oC for 2hr 

and then grinded to obtain powder.  
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Table.3.1. Feeding Composition and Preparation Conditions of Hydrogel 

Sample 

no.1 

Mucilage 

(g) 

APS 

(initiator) 

(g) 

AM 

(monomer) 

(g) 

MBA 

(crosslinker) 

(g) 

Total 

Yield(g) 

Dry 

Polymer(g) 

Irradiation 

Time 

1 2 0.1 2.5 0.1 2.7 2.8 40 

2 2 0.1 2.5 0.2 2.8 2.84 40 

3 2 0.1 2.5 0.4 3 3.03 40 

 

3.3.4. Swelling Studies of Hydrogel 

To find out the swelling of hydrogel, a constant amount of hydrogel was added 

into distilled water and checked after every hour by weighing it. The equation 

used to determine the percentage swelling of samples is given below 

Percentage Swelling (%) = Ws-Wo/Wo x100…………. (1) 

Where, 

Ws = Weight after swelling 

Wo = Weight before swelling 

3.4.2. Estimation of Grafting Parameters 

In order to find the most appropriate grafter hydrogel among all the samples, the 

percentage grafting and grafting efficiency experiments were conducted. For the 

percentage grafting. The hydrogel was weighted before and after the oven drying 

process for evaluation of percentage grafting. Following equations were used. 

Percentage Grafting (%) = Wg-Wo/Wo x100……… (2) 

Where, 

Wg = Grafted Weight 

Wo = Ungrafted Weight 
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Percentage Grafting Efficiency (%) = W2-W1/W3 x100……. (3) 

Where, 

W1 = Monomer weight 

W2 = Dry Polymer weight 

W3= Okra mucilage weight 

3.3.5. Synthesis of Biosilica Hydrogel Nanocomposites 

The polymeric hydrogel-based Biosilica will be synthesized from the procedure 

described by Fahdil et al. [49]. The 1g of okra mucilage powder was dissolved in 

10 mL of distilled water. For the synthesis of hydrogel, different amounts of 

ammonium persulfate (APS), acrylamide (AM), N, and N’-methylene-bis-

acrylamide (MBA) were taken i.e. 0.05g, 1.25g, and 0.2g respectively, and added 

into the beaker containing the mucilage powder. In a separate beaker, 0.2g of 

silica was dissolved in 20 mL of deionized water and was sonicated for good 

dispersion. Later, the sonicated silica suspension was added to the other reaction 

mixture. The whole reaction mixture was stirred well with the help of magnetic 

stirring and oven dried for 3 hours at 100 ℃. 

 

Figure 3.4. (a) Silica Hydrogel Nanocomposites after filtration (b) Silica 

Hydrogel Nanocomposites in powder form 
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3.4. Characterization of Biosilica Hydrogel Nanocomposites  

The prepared Biosilica Hydrogel Nanocomposites are characterized by using the 

following techniques;   

 Scan electron microscope (SEM) was used for the identification of 

morphology  

 Fourier-transform infrared spectroscopy (FTIR) was used for the 

identification of the functional groups. 

3.5. Adsorption experiments for phenol and crystal violet removal  

Phenol was analyzed using the photometric analysis using the 4-Nitroaniline 

solution, sodium carbonate solution and sodium nitrate solution and crystal violet 

through UV-Visible spectroscopy. Moreover, various batch experiments were 

conducted for the adsorption of phenol and crystal violet from aqueous solution 

prepared in lab. These batch experiments efficiently analyzed the potential of 

nanocomposites for treatment of crystal violet and phenol. While carrying out 

these experiments several parameters were taken in to account i.e. pH, initial 

concentration, doses, and time. 

3.5.1. Standard preparations for phenol and crystal violet 

Following concentration of phenol solutions such as 0.25 ppm, 0.5ppm, 1.0ppm, 

2.5ppm, 3.5ppm, 5ppm, 6ppm, 8ppm, 10ppm were prepared using the stock 

solution of phenol. In a conical flask 20 ml of each standard solution was taken 

and 2ml of 4-nitroaniline solution and 0.5ml of sodium nitrate solution were 

added. These solutions were measured through UV-Visible spectroscopy at 

470nm after 10 minutes.  The standard curve graph was plotted by taking the 

concentration values on X-axis and absorbance values on Y-axis. A straight line 

was plotted on graph and R2 value was calculated. Afterwards, equation of 

linearity was employed to find out the unknown concentration of sample. 
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Figure 3.5.Phenol Standard Calibration Curve 

In case of CV, five dilutions ranging from 1-30ppm (1ppm, 5ppm, 10ppm, 

20ppm, 30ppm) were prepared using stock solution of crystal violet. These 

solutions were measured through UV-spectrophotometer at 590nm. 

 

Figure 3.6.Crystal Violet Standard Calibration Curve 

3.5.2. Effect of Adsorbent Doses 

Various adsorbent doses were selected for adsorption of phenol and CV. For 

phenol, the dose range from 0.05g-0.4g was taken in 200ml solution while initial 

concentration was kept 10ppm and shaking time was 15 minutes on orbital shaker. 

For crystal violet, the dose range was 0.025g-0.5g was taken in 250ml solution 

while the while initial concentration was kept 25ppm and shaking time was 30 
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minutes on orbital shaker. After the desired contact time, filter paper was used to 

filter the solutions.  

3.5.3. Effect of Initial concentration  

To determine the effect of initial concentrations of phenol following 

concentrations were selected: 0.5ppm, 2.5ppm, 5ppm, and 10ppm. The others 

factors were kept constant such as 0.4g dose and shaking time of 15 minutes. 

Similarly, a range of initial concentration chosen for crystal violet was 5ppm, 

10ppm, 20ppm, and 30 ppm and other factors were 0.1g dose and 30 minutes 

shaking time. 

3.5.4. Effect of pH  

To investigate the effect of pH on phenol and crystal violet removal, the pH were 

adjusted o by adding 0.1 HCl and 0.1 NaOH. The pH range was kept 2-12 for 

phenol. The others factors were kept constant such as 0.4g dose, 10ppm, and 

shaking time of 15 minutes. Likewise, a range of pH chosen for crystal violet was 

2-12 and other factors were 0.1g dose, 25ppm, and 30 minutes shaking time. 

By using equation 4, percentage removal was calculated for phenol and crystal 

violet. Equation 5 is the adsorption capacity (Qe) of phenol/CV removal i.e., 

adsorption capacity is the amount of adsorbate taken up by the adsorbent per unit 

mass of the adsorbent, was calculated. 

% removal= 
(𝐶˳–𝐶𝑒)

𝐶˳
× 100…. (4) 

Qe= 
(𝐶˳–𝐶𝑒)∗𝑉

𝑚
…. (5) 

Where, Qe is the amount of phenol removed at equilibrium (mg/g), Ci is the initial 

concentration of phenol/CV in solution (mg/L), Ce is the final phenol/CV 

concentration in solution (mg/L), V is the volume of phenol/CV solution (L) and 

m is the mass of adsorbent (g). 
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3.5.5. Effect of Contact Time 

The rate of phenol and crystal violet adsorption by silica hydrogel 

nanocomposites was also studied at different time intervals. The three different 

time intervals were selected  i.e. 15- 60 minutes while keeping the other factors 

were constant such as the adsorbent dose at 0.4g, initial concentration 10ppm and 

pH 7. The values for absorbance were checked before adding reagents or after 

adding reagents. In the same way, different time intervals were also selected for 

CV removal i.e. 15-120 mins while other factors were 0.4g dose, 25ppm, and pH 

12. 

3.6. Adsorption Isotherms 

The correlation between the amount of phenol/CV adsorbed qe(mg/g) and their 

concentration is presented by adsorption isotherms. The interaction between 

sorbent and the adsorbate molecules to reach equilibrium is well depicted by these 

adsorption isotherms. The experimental data was evaluated with the help of 

Langmuir and Freundlich isotherm models. 

The Langmuir isotherm demonstrates that adsorbate shows maximum adsorption 

at homogenous saturated monolayer sites. The equation used to explain the 

Langmuir adsorption isotherm is given below. 

Ce/qe= 1/ qm KL + Ce/qm……….(6) 

qe= mg of adsorbate per g of adsorbent at equilibrium (equilibrium uptake)  

qm=mg of solute adsorbed per g of adsorbent 

KL=Langmuir constant (liter of adsorbent per mg of adsorbate L/mg) 

Ce= equilibrium concentration of adsorbate in solution (mg/L) 

The Freundlich isotherm model explains that when adsorbed molecules interact 

with each other, the adsorption occurs on heterogeneous surfaces. 

logqe= logKf + 1/n logC………….(7) 



29  

 

Where 

qe = mg of adsorbate per g of adsorbent at equilibrium (mg/g) 

 K=Freundlich constant that is an approximate indicator of adsorption capacity 

1/n=Heterogeneity factor which is related to adsorption intensity 

Ce = concentration of adsorbate in solution (mg/L) 

 

 

 



30  

 

Figure.3.7. Flow sheet of methodology 
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CHAPTER 4 

RESULTS 

In the present study, Silica Hydrogel Nanocomposites were prepared by using 

sugarcane bagasse waste and okra pods. The adsorbent was further utilized for 

adsorption of removal of phenol and crystal violet dye from the aqueous solution. 

Various batch experiments were performed to study the effect of parameters i.e. 

time, adsorbent dose, pH, and initial concentration for removal of phenol and 

crystal violet dye from wastewater. 

4.1. Characterization of synthesized adsorbents 

4.1.1. Fourier Transform Infrared (FTIR) analysis results 

The biosilica hydrogel nanocomposites were analyzed through the FTIR to 

determine the functional groups present in prepared material. The FTIR spectrum 

of biosilica is shown in Figure 4.1(a). The spectrum band at 3522.15 to 3356 cm-1 

and 3161.33 cm-1 shows N-H stretching and shows the presence of secondary 

amine. The stretching at 2358.94, 2328.08, 2239.36, 22223.92 cm-1, shows the 

presence of strong O=C=O bond representing the carbon dioxide group.  1637.56 

cm-1 shows strong C=C stretching (alkene group), while the stretching at 

1562.34 , 1548.84 , 1537.27, 1502.25 cm-1  is due to N-O bond, and 1409.96 cm-

1shows the presence of sulfonyl chloride due to S=O cm-1 stretching. The 661.58, 

613 cm-1 is due to presence of halo compound and C-I stretching [50].  

The FTIR spectrum of synthesized hydrogel is shown in Figure.4.1 (b).  The 

bonding at 3711, 3610 and 3564 cm -1 is due to alcoholic groups. The presence of 

O=C=O bond is indicated at 2328 cm -1. The bands observed at 2158 and 2034 cm 

-1 is due the stretching of N=N=N group.  The N=C=S group marks its presence at 

2034 and 1957 cm -1.  The presence of anhydride group C=O bond and anhydride 

group is well exhibited at 1861 cm -1. The stretching at 1635cm -1 shows the 

presence of alkene group along with the C=C band. The band at 1523 cm -1 shows 

N-O bond [51].  
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The FTIR spectrum of biosilica hydrogel nanocomposites is shown in Figure 

4.1(c). The spectrum band at 3522.15 due to the N-H stretching and shows the 

presence of secondary amine. The bands observed at 2300–3500 cm-1 are due to 

the -OH stretching vibration of carboxyl, Si-OH and –NH. The stretching at 1681 

cm-1 shows the presence of strong C=O bond representing the carboxyl group.   

The wavelength of 1250 cm-1 shows C-O-C stretching, while the stretching at 

1174 cm− 1 is due to the stretching vibration of S=O groups in polymeric chains. 

In addition, the adsorption bands at 780 cm− 1 shows the presence of Si-O-Si. 

These peaks indicate the formation of biosilica hydrogel nanocomposites [17]. 

 

                                                                (a) 

 

(b) 
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(c) 

Figure.4.1. FTIR spectra (a) biosilica (b) A. esculentus hydrogel (AE-H) (c) 

Biosilica Hydrogel Nanocomposites 

4.1.2. SEM Results 

The SEM results are shown in Figure.4.2. The biosilica is shown in Figure 4.2 (a). 

The surface of hydrogel was observed to be smooth and homogeneous as depicted 

in Figure.4.2 (b), however, after crosslinking with biosilica, a heterogeneous 

pattern has been observed, Figure.4.2 (c).  The irregularity in shape is attributed to 

use of various crosslinking agents in polymer chains. 

 

Figure 4.2. SEM images of (a) Biosilica (b) A. esculentus hydrogel (c) Biosilica 

Hydrogel Nanocomposites 
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4.2. Results of Phenol Removal by Silica Hydrogel Nanocomposites 

4.2.1 Effect of Adsorbent Dose 

The effect of the adsorbent dose on phenol removal was observed by varying the 

doses i.e. 0.05g/200mL, 0.1g/200mL, 0.2g/200mL, 0.4g/200mL by keeping the 

initial concentration 10ppm for 15 minutes. The effect of the adsorbent dose on the 

removal of phenol from aqueous solution by silica hydrogel nanocomposites can 

be seen in Figure 4.3. The phenol removal was increased from 69 % to 77% as the 

adsorbent dose increased from 0.05g to 0.4g/200mL. It was observed that the 

percentage removal of phenol was increased by increasing dosage of adsorbent  

 

Figure 4.3. Effect of adsorbent dose on removal of phenol 

(Initial Conc. =10ppm, Time= 15 min) 

 

4.2.2 Effect of initial concentration 

The effect of initial concentration on removal of phenol was also found by 

biosilica hydrogel nanocomposites. Figure 4.4 shows the effect of initial 

concentration. Various initial concentrations were taken ranging from 0.5ppm to 

10ppm. The results revealed that removal efficiency was enhanced by increasing 

the initial concentrations up to 10 ppm. It was found that phenol removal 

increases from 56% to 78% as initial concentration increases from 0.5 ppm to 10 

ppm by using silica hydrogel nanocomposites. 
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Figure 4.4 Effect of initial concentration  

 

Figure 4.4. Effect of initial concentration and adsorption 

capacity  

4.2.3 Effect of pH 

The effect of hydrogen ion concentration was also examined for the adsorption of 

phenol at pH ranging from 2-12 with the help of biosilica hydrogel 

nanocomposites. Figure 4.5 shows that 78% phenol was removed at pH 7 and 

after that, as pH increased the removal was declined up to 61%.   
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Figure 4.5.Effect of pH (Adsorbent Dose=0.4g/200ml, initial conc. = 10ppm, 

Time= 15 min) 

4.2.4 Effect of Contact Time  

The effect of contact time on phenol removal was also noticed at different contact 

times i.e. 15min, 30min and 90min by keeping the other parameters constant such 

as the adsorbent dose 0.4g, initial concentration 10ppm and pH 7. It was observed 

that at 15 minutes, 79% phenol was removed and then the percentage removal 

started to decline. It was decreased to 53% at 30 minutes and 40% at 60 minutes 

as shown in Figure 4.6. 

 

Figure 4.6. Effect of contact time on the removal of phenol (Initial Conc. 

=10ppm, Dose=0.4g/200mL) 
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4.3. Results of CV Dye removal by Silica Hydrogel Nanocomposites 

4.3.1. Effect of Adsorbent Dose 

The effect of the adsorbent dose on CV Dye removal was observed by varying the 

doses i.e. 0.025g/250mL, 0.05g/250mL, 0.1g/250mL, 0.5g/250mL by keeping the 

initial concentration   25 ppm for 30 minutes.  The adsorption of CV dye was 

enhanced by 69% to 72% with the increase of doses from 0.025g to 0.1g and after 

that, it decreased as shown in Figure 4.7.  

 

 

Figure 4.7 Effect of adsorbent dose on removal of CV 

(Initial Conc. =25ppm, Time= 30 min) 

4.3.2 Effect of initial concentration 

To investigate the effect of initial concentration on the removal of CV Dye, the 

initial concentrations ranging from 5ppm- 30ppm were taken. It was found that 

the adsorption of CV was enhanced by increasing the initial concentrations to 30 

ppm. It was found that dye removal increased from 51% to 75% as initial 

concentration increases from 5ppm to 30ppm as shown in Figure 4.8 (a). 
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Figure 4.8. (a) Effect of concentration (Adsorbent dose= 0.1g, time= 30 

minutes) 

 

Figure 4.8. (b) Effect of initial concentration and adsorptive capacity on 

removal of CV (Adsorbent dose= 0.1g, time= 30 minutes) 
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4.3.3 Effect of pH 

The effect of pH on the removal of CV Dye from aqueous solution was also 

observed. The maximum percentage removal of 83% at was achieved pH 12. It 

can be stated that percentage efficiency was less in the acidic medium and more in 

the basic medium as shown in Figure 4.9. 

 

Figure 4.9. Effect of pH on removal of CV by (Adsorbent Dose=0.1, initial 

conc. = 25ppm, Time= 30 min) 

4.3.2. Effect of Contact Time  

The effect of contact time on CV adsorption was also observed at different contact 

times i.e. 15 min, 30 min, 60 min, 90 min and 120 min by keeping the other 

parameters constant such as the adsorbent dose 0.1g, initial concentration 25ppm 

and pH 12. It was noticed that maximum percentage removal was achieved 

within the first 60 minutes.  The removal efficiency began was increase up to 

79% and after that, it declined.  
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          Figure 4.10. Effect of contact time on the removal of CV 

(Initial Conc. =25ppm, Dose=0.1g) 

4.4. Adsorption isotherms 

The Langmuir and Freundlich isotherm models were used to describe the 

interaction of adsorbate and adsorbent.  The Langmuir isotherm is applicable for 

homogenous surfaces. The plot of Ce/q vs. Ce at various initial concentrations 

yielded straight lines in phenol and crystal violet, exhibited that the adsorption of 

phenol follows the Langmuir adsorption equation (Figure 4.11). 

From the slope and intercept, the values of qm and KL, for phenol and CV were 

calculated and presented in Table 4.1. The maximum adsorption capacity was 

120.48 mg/g and 16.28 mg/g against CV and phenol adsorption, respectively. 

Freundlich isotherm was also applied for phenol and CV adsorption by silica 

hydrogel nanocomposites.  The values of 1/n and Kf obtained from the slope and 

intercept of the plot of log qe against log Ce. 
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(a) 

 

(b) 

Figure 4.11. (a) Langmuir and (b) Freundlich model for CV 
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(a) 

 

(b) 

Figure 4.12. (a) Langmuir and (b) Freundlich model for phenol 
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Table 4.1 Langmuir and Freundlich isotherms parameters for phenol and 

CV adsorption 

 

                          

Langmuir model 
 

               Freundlich  model 
   qm(mg/g) KL(L/mg) R2 1/n n Kf  R2 

Phenol 16.28 0.3066 0.9775 0.97 1.03 3.21 0.9487 

CV 120.48 0.0078 0.9245 0.77 1.29 3.32 0.978 

                

 

The parameter 1/n provides significant insights about extent of surface 

heterogeneity. The 1/n <1 shows that the heterogeneous nature of surface and 

condition 1/n>1 or 1/n=1 indicates that more homogeneous binding sites are 

present in sorbent. The 1/n value 0.77 in case of CV removal exhibited that 

surface heterogeneity and adsorption best fitted to Freundlich model. While in 

case of phenol removal, 1/n value is 0.97 that is very close to 1 showed that 

adsorbent has more homogeneous binding sites. 

 

 

 

 

 

 

 

 

 

 



44  

CHAPTER 5 

DISCUSSION 

Wastewater comprises human waste, food waste, solid waste, industrial 

discharges and detergents. It becomes extremely challenging to remove all the 

pollutants from the wastewater using simple techniques. These noxious substances 

in wastewater not only pose threats to human health but also to aquatic organisms. 

The crystal violet dye and phenol are among the other pollutants found in 

wastewater. These pollutants stand out as very toxic and persistent even in low 

concentrations [1]. The present study was carried out to treat two toxic pollutants 

i.e. phenol and crystal violet from aqueous solution using Silica Hydrogel 

Nanocomposites. The agricultural waste i.e. sugarcane waste and plant extract i.e. 

okra (Abelmoschus esculentus) were used for the synthesis of this adsorbent. The 

method employed for the synthesis of nanocomposites was conducted in the lab 

and proved to be very eco-friendly.  Various parameters such as pH, time, dose 

and initial concentration were evaluated. Furthermore, the characterization of 

hydrogel biosilica was performed with SEM and FTIR to determine the 

morphology and chemical composition and compound identification. 

The FTIR spectra presented in Figure 4.1 confirms the presence of biosilica 

hydrogel nanocomposites. These spectra Figure 4.1 (a-c) demonstrate the 

presence of different functional groups belonging to various organic compounds. 

The biosilica were analyzed through the FTIR to determine the functional groups 

present in prepared material. The spectrum of biosilica hydrogel nanocomposites 

showed a range of bonds, and stretching at various peaks. The presence of various 

groups such as secondary amines, alkene, carbon dioxide, nitro compounds, and 

sulfoynul chloride were found in biosilica shown in Figure 4.1 (a). These results 

are aligned with studies of Arica et al. [50]. 

The FTIR spectrum of synthesized hydrogel as shown in Figure.4.1(b) shows the 

presence of  alcoholic groups, O=C=O bond , N=N=N groups, N=C=S bonds 

,anhydride group, alkene group  and N-O bonds. Similar types of bonds were 

observed in a study by Mishra et al. [51]. The FTIR spectrum of biosilica 



45  

hydrogel nanocomposites as shown in Figure 4.1 (c) showed a range of bonds, 

and stretching at various peaks. The presence of various groups such as secondary 

amines, alkene, carbon dioxide, carboxyl groups, nitro compounds were found. A 

study by Nakhjiri et al. [17] also confirms the presence of such bonds (e.g. alkene, 

carbon dioxide and silica bonds) in their study.   Moreover, the morphology was 

further studied through the SEM showed the porous and heterogeneous nature of 

hydrogel nanocomposites. It also demonstrated that biosilica were well distributed 

in hydrogel matrix.   Furthermore, the isotherm studies showed that Langmuir 

proved to best suited for phenol adsorption (Figure 4.11) and Freundlich proved to 

be appropriate for CV adsorption (Figure 4.12). 

The adsorption studies of CV and phenol onto biosilica hydrogel nanocomposites 

are supported by various research studies. The results of crystal violet adsorption 

by hydrogel nanocomposites showed more removal as compared to phenol.  The 

adsorbent doses (0.025g, 0.05g, 0.1g, 0.5g) were selected to examine the 

adsorption of CV with the silica hydrogel nanocomposites.  It was noticed that 

percentage removal (%R) was increased by increasing the dose up to 0.1g.  

However, after %R was decreased by a further increase in dose value. The 

optimum value of 0.1g dose removed Crystal Violet to 72%. 

The study was carried out in which crystal violet was removed from an aqueous 

solution using starch base hydrogel nanocomposites.  The results indicated that by 

increasing the dose value from 0.05- 0.1g , the removal increased.  The increase in 

adsorption by increasing the dose is due to a greater number of adsorption sites. 

However, the removal was reduced by further increasing the dosage value [52]. 

Similar trend was observed in a study in which acrylamide/graphene oxide 

nanocomposite hydrogel were employed for CV adsorption with adsorbent dose 

0.025g-0.75g and 10 ppm solution concentration. The results exhibited that 

increasing the dosage up to 0.1g resulted in percentage removal up to 71% 

attributed to more numbers of effective groups and enhanced porosity created in 

configuration of hydrogel. However, further increase of dosage caused the 
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agglomeration of nanocomposites which reduced the penetration of CV molecules 

into hydrogel [53].  

The other important parameter is the effect of initial concentration. It was  

investigated at different initial concentrations such as 5ppm, 10ppm, 20ppm, and 

30 ppm by keeping the other factors constant such as 0.1g dosage and 30 minutes 

contact time. The results demonstrated the 74% removal of CV at 30 ppm. It 

means that as initial concentration was increased, removal was increased. A 

similar trend is noticed in a study in which clay nanocomposite hydrogels were 

employed for the adsorption of crystal violet. The results revealed that increasing 

initial concentration from 10-30mg/L, more removal of CV dye molecules was 

achieved. The maximum percentage removal occurred at 30mg/L [54]. 

In another study, the effective removal of Crystal Violet Dyes by CarAlg/MMt 

nanocomposite hydrogels was carried out. The adsorbent is composed of kappa-

carrageenan (Car) and sodium alginate (Alg) biopolymers and sodium 

montmorillonite (Na-MMt). For this purpose, the initial concentration was 10-100 

mg/L with 0.005g of dose. The results indicated that removal efficiency increased 

with increasing initial concentration up to 30 mg/L [55].  

The role of pH on the adsorption of CV by biosilica hydrogel nanocomposites is 

also very important. The pH values were adjusted from 2 to 12 while keeping 

other parameters constant.  The results exhibited that %R of 83% was achieved at 

pH 12. It can be stated that by increasing the pH value, the removal efficiency was 

enhanced.  

This trend was supported by a study in which hydrogel comprising of 

biodegradable polymers was employed to degrade crystal violet dye. To find the 

optimum pH for CV adsorption onto the hydrogel nanocomposites, the pH range 

was kept from 2 to 12. The results showed that as pH increased, the [H] + ions 

decreased, and hence, removal increased. The maximum adsorption occurred at  

pH 12 [56]. 
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Moreover, the use of multifunctionalized graphene 

oxide@nanopolyaniline@zirconium silicate hydrogel nanocomposite for CV 

removal also confirms the results. According to this research, the removal of CV 

was dependent on the electrostatic interaction of polar groups and the interaction 

of π-π bonds. The electrostatic interactions increased in an alkaline medium 

(pH>8) and resulted in favorable adsorption of CV dye molecules [57].  

Another study in which collagen-based hydrogel nanocomposites were prepared 

for removal of CV supported the results. At low pH, the electrostatic attraction 

between the hydrogel nanocomposites decreases but at higher pH it increases [58]. 

In another study, Crystal Violet was removed from wastewater by using Activated 

Carbon/Fe3O4 magnetic hydrogel nanocomposite.  This thermodynamic study 

showed that as the pH increased from 2 to 12, the adsorption of CV enhanced. As 

pH increases, the repulsive force between the CV dye molecules and the 

adsorbent surface decreases, this results in more adsorption [59]. The same trend 

was followed in a research study in which nanocomposite hydrogel prepared 

using sodium montmorillonite nanoclay was used to degrade CV. The low 

adsorption of CV was observed at acidic pH as excessive H+ ions compete with 

dye cations. As the pH increased (pH>7), the clay surface became more negative 

and hence, facilitated the efficient association between the adsorbent surface and 

dye molecules. The maximum removal efficiency was observed at high pH i.e. 12 

[60]. To study the effect of Contact time on the rate of adsorption, the adsorption 

experiments were performed at different contact times of 15-120 minutes.  The 

results indicated that at 60minutes the biosilica hydrogel nanocomposites removed 

76% CV. Moreover, the rate of adsorption was high in with first 60 minutes after 

that it began to decrease. 

A study in which glutathione functionalized self-assembled magnetite hydrogel 

nanocomposites were employed for the degradation of CV from aqueous solutions 

showed a percentage removal of 97% for at 60 minutes [61].  Another study in 



48  

which collagen-based hydrogel nanocomposites were synthesized for removal of 

CV showed maximum removal upto 75% at 60 minutes [58].  

During this study, Phenol was the also removed using the biosilica hydrogel 

nanocomposites. The adsorbent doses (0.05g, 0.1g, 0.2g, 0.4g) were chosen to 

study the adsorption of phenol from aqueous solution by employing the silica 

hydrogen nanocomposites. It was noticed that more percentage removal was 

obtained at 0.4g dose. The phenol was removed upto 81% as the doses were 

increased. Mahmoud et al. [62] states that the dose of nanocomposites plays a 

vital role as it defines the adsorption capacity for attaining the used quantity of 

adsorbate. A study was carried out in which the magnetic double network 

nanocomposite hydrogel were prepared for removal of phenol and p-nitrophenol. 

The results exhibited as doses were increased from   0.01 to 0.06 g, the maximum 

adsorption capacity of phenol and 4-nitrophenol were increased. The reason is as 

doses were increased, more binding sites were formed, more electrostatic 

repulsion happened and hence more adsorption efficiency [63].  

In another study, chitosan-carbon based hydrogel biocomposite was evaluated for 

treatment of phenols from aqueous solutions. The effect of various doses on the 

phenol adsorption was observed within the range of 10–100 mg//10 mL solutions. 

More removal efficiency of phenol was found by increasing the adsorbent dosage 

up to 70mg. It happened due to more number of active sites facilitating the 

adsorption of phenol molecules [64]. Similarly, the mesoporous silica 

nanoparticles prepared from banana peel ash was used to treat phenol.  Various 

parameters were adjusted to check the removal efficiency of phenol. The optimum 

dosage value was 0.4g/L that resulted in 92.6& removal of phenol. It was 

observed that removal efficiency increase by increasing the dose [65].  

The other significant parameter effect of initial concentration was also observed 

for silica hydrogel nanocomposites. Different initial concentration were prepared 

such as 0.5ppm, 2.5ppm, 5ppm, and 10 ppm by keeping the dosage and contact 

time constant i.e.  0.4g/L dosage, and 15 minutes respectively. The results showed 
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that by using silica hydrogel nanocomposites the removal efficiency was 79% at 

10ppm. It also observed that the removal efficiency of adsorbent increased by 

increasing the initial concentration of phenol. 

A study was conducted in which hydrogel-rice husk biochar composite was 

employed to degrade phenol and PNP (p-nitrophenol) from aqueous solutions. It 

was evident from a study that when initial concentrations were increased the 

phenolic removal was also increased from 67-80% [66]. Similarly, in another 

study was carried out in which magnetic iron oxide/carbon nanocomposites were 

used for adsroption of phenol. The results showed that the increase in the amount 

adsorbed at equilibrium was increased by increasing initial concentration of 

phenol [67]. 

The same trend was observed when the ZnCl2-Activated Carbon Nanocomposites 

were used to remove of phenol from wastewater.  The results showed that 

adsorption capacity was increased with an increasing initial concentration. The 

qe significantly increased by increasing the initial concentration (20-100mg/L). 

The reason is increased phenol concentration means adding more molecules 

occupying the free active sites constantly and facilitated the adsorption [68].  

The chitosan-carbon based hydrogel biocomposite was used for degradation of 

phenols from aqueous solutions. The effect of initial concentration was varied 2 to 

8 mg per 10 mL of solution while dose (0.05 g) was kept constant. The results 

clearly indicated that 12.5% to 69% removal was achieved by varying the initial 

concentration of phenol from 2 to 8.0 mg per 10 mL. The results showed that 

more phenolic concentrations facilitate more driving forces to overcome all the 

mass transfer resistances of phenol [69].  

In another study, the mesoporous silica nanoparticles prepared from banana peel 

ash was used to treat phenol.  Various parameters were adjusted to check the 

removal efficiency of phenol. The optimum dosage value was kept 0.4g/L and 

initial concentration was 10 ppm that resulted in 92.6% removal of phenol. It was 
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observed that removal efficiency increase by increasing the initial concentration 

[65].  

The effect of pH on phenol is a crucial factor for its adsroption on to biosilica 

hydrogel nanocomposites. The different pH values were adjusted from 2 to10 (2, 

4, 6, 8 and 10) by keeping the dosage and contact time constant. The 0.4mg/L 

dosage and 15 minutes contact time were taken. It was noticed that by using 

adsorbent, 78% phenol was removed at 7 pH. 

In a research, the graphene oxide / poly (N-isopropylacrylamide) nanocomposite 

hydrogel funtionlized by cyclodextrin was used to treat phenol from water.  In 

aqueous solution, phenol is present as week acid in form of phenolate ions. In 

acidic medium, the potential of phenol to ionize was repressed, and as the pH is 

increased, phenolate ions were dominant and hence removal efficiency was 

enhanced. So, maximum removal was observed at pH 7. When pH was increased 

above 7, the electrostatic repulsion between negatively charged phenol and 

adsorbent decreased the phenol removal [70].  

 A study was conducted in which novel attapulgite nanocomposite hydrogel was 

used for the treatment of phenol. The pH of the aqueous solution affects the 

adsorption phenomenon, charge on semiconductor particles, dissociation of 

pollutants, and formation of aggregates. The experiments were conducted at pH 

range 2-12, dose 0.4g, and contact time 5-400 min. The percentage removal of 

phenol after was 80% pH 7. Hence, maximum removal of 81% was achieved 

under neutral conditions [71]. 

In another study, the magnetic double network nanocomposite hydrogel were 

synthesized for degradation of p-nitrophenol and phenol from aqueous solution.  It 

was noticed that removal efficiency of 4-nitrophenol and phenol was 83% and 

77% at pH 7 respectively [72].  

Similarly, when zinc phthalocyanine/ mesoporous carbon nitride nanocomposites 

were used for phenol removal, the results showed that with the optimum loading 
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amount of 0.05 wt% ZnPc gave 61% phenol removal at pH 7 [73]. A study in 

which chitosan hydrogel modified with carbon nanocomposites removed the 

phenol from aqueous solutions also confirms the results.  The study exhibited 

while keeping the other factors constant such as 0.025g dose,  50-400 mg/L of 

initial concentrations and 15 mins, the phenol removal of 88.5% at pH 7 was 

achieved [74]. In another study, hydrogen coated Fe3O4 nanoparticles were used 

for removing phenol from aqueous solution. The dose was increased from 0.1g/L 

to 0.4/L. The results showed that 92.4% removal was observed with 0.4g/L at pH 

7 [75]. 

The effect of contact time was also observed for silica hydrogel nanocomposites.  

Adsorption of phenol at various contact times (15minutes, 30minutes, and 

90minutes) was studied. Results showed that at first 15 minutes adsorbent showed 

77% removal efficiency. After 30-60-minutes, the removal rate was decreased.  

Another study supported these results in which chitosan hydrogel modified with 

carbon nanocomposites modified were used to remove the phenol from aqueous 

solutions.  The results exhibited that during the initial 15 minutes while keeping 

the other factors constant such as 0.025g dose, 50-400 mg/L of initial 

concentrations and pH 7, the maximum phenol removal of 88.5% was achieved. 

By increasing the time, the phenol removal was decreased [74].
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CONCLUSION 

In this present study, the silica hydrogel nanocomposites were synthesized from the 

sugarcane bagasse ash and okra pods. These nanocomposites were employed for the 

degradation of Crystal Violet dye and phenol from aqueous solution. The SEM and FTIR 

analysis were used for characterization of the adsorbent which confirmed the synthesis of 

the silica hydrogel nanocomposites. Different batch experiments were conducted to 

examine the effect of various parameters such as adsorbent doses, initial concentration, 

pH and contact time. These experiments were conducted to evaluate the efficiency of 

silica hydrogel nanocomposites for the effective adsorption of phenol and crystal violet. 

The optimum dosage for phenol was 0.4g and for crystal violet 0.1g. For initial 

concentration, both the tested compounds showed the same behavior i.e. increasing the 

initial concentration, the RE increased. The effective initial concentration was 10 ppm 

and 30 ppm for phenol and crystal violet respectively. The varying pH exhibited a strong 

influence on the percentage removal of CV and phenol. The neutral medium i.e. pH 7 was 

considered as the optimum buffering solution for phenol, while pH 12 was the optimum 

condition for CV.  Furthermore, the contact time of 15 and 30 minutes proved to be 

effective for phenol and crystal violet respectively. Phenol showed the removal of 79% at 

optimum conditions i.e. dosage 0.4 g, initial concentration 10 ppm, pH 7 and contact time 

15 minutes. Crystal Violet showed the removal of 83% at optimum conditions i.e. dosage 

0.1 g, initial concentration 30 ppm, pH12 and contact time 30 minutes. It can be evaluated 

that synthesized adsorbent proved to be more effective for the removal of crystal violet 

from aqueous solutions. The study confirms that silica hydrogel nanocomposites are 

promising adsorbent material, offering a pollutant-free alternative mechanism for the 

treatment of phenol and crystal violet dye from wastewater.  
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