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Abstract 

Water pollution is a problem that plagues every country. Common pollutants include heavy             

metal ions and industrial dyes. Therefore, this study aims to introduce a novel adsorbent for the                

efficient and rapid removal of heavy metal ions and industrial dyes for water remediation. In this                

experiment, Zn2+ and Fe3+ ions as well as Direct Red 80, Methylene Blue and Methyl Orange                

industrial dyes. These pollutants are widely used in manufacturing industries, and dyes in textile              

industry especially. Leftover chemicals are disposed of in water bodies, contaminating them            

which poses several health threats such as risk of dermatitis and cyanosis and long-lasting effects               

on the environment and aquatic life. The study mainly consists of five stages. Firstly, Fe3O4-GO               

was synthesised. Tetraethoxysilane-vinyltrimethoxysilane mixture was added to a portion of the           

composite to synthesise Fe3O4-GO-ORMOSIL ternary composite. Then, adsorption tests for Fe3+,           

Zn2+, Methylene Blue, Direct Red 80 and Methyl Orange were conducted for the Fe3O4,              

Fe3O4-GO and Fe3O4-GO-ORMOSIL. The adsorbency of the composites were recorded and           

compared. The synthesised composite was found to have adsorbed the highest percentage of             

every pollutant and had the highest adsorption capacity.  

Introduction 

Water pollution threatens human, animal and plant life. Anthropogenic         

activities have caused heavy metals and industrial dyes to be introduced           

in large quantities in water bodies. (Vhahangwele & Khathutshelo, 2018).          

With the advent of man-made practices that result in environmental          

degradation and pollution, the need for environmental remediation has         
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reached an all-time high, and with it a rise in research into novel combatants against pollution.                

The synthesis of graphene oxide, iron oxide and silica nanomaterials has thus been heavily              

invested in as efficient means for rapid removal of heavy metal ions and industrial dyes which                

contaminate the environment.  

Graphene consists of a two-dimensional atomic layer of        

sp2-hybridised carbon atoms lending it a high water        

permeance (Meng & Baoxia, 2013). The hexagonal structure        

of atoms grants it a large theoretical specific surface area of           

2630m2g-1 (Xiaolu et al., 2006; Yanwu et al., 2010). The          

abundance of oxygen-based functional groups allows for       

surface functionalisation, lending it a hydrophilic nature,       

better solubility and dispersibility in water and better        

recyclability (Andrew et al., 2019). Coupled with its excellent         

chemical stability and associated band structure, graphene       

oxide is an attractive adsorbent candidate for pollution        

treatment (Imtithal, Ahmand & Hanafy, 2014).  

On the other hand, magnetite facilitates the adsorption of anions and           

cations effectively from aqueous solutions by binding them to the metal           

oxide surface (Sharf & Saif, 2017). The high density and small volume            

of magnetite nanoparticles grant it a high surface area-to-volume ratio          

and specific surface area of 43.5m2g-1 (Fawzia et al., 2020). Moreover,           

the superparamagnetic nature of magnetite nanoparticles and large        

saturation magnetisation of 82.1emug-1 constitutes good regenerability       

paramount in using the material in a cyclic manner (Min-Rui et al.,            

2011; Pragnesh & Lakhan, 2014).  

Organically modified silica (ORMOSIL) is a group of unique materials          

originating from chemical modification of silica gels via the use of           

organic precursors (Tushar, Sonia, Avishek, Parameswar &       

 



 

Mohammad, 2017). ORMOSIL is perfect for encapsulating inorganic and organic substrates           

owing to their tunable mechanical properties, high durability and good chemical stability. (Joey,             

Jonathan, Adi, Lawrence & Alptekin, 2018). As a organic-inorganic hybrid polymer, organic            

dyes can interact with inorganic groups in ORMOSIL and bind to surface sites (John & Eric,                

1998). Coupled with the extensive silica network with oxygen-based functional groups granting            

ORMOSIL a large pore size and specific surface area, ORMOSIL is a viable adsorbent by itself                

(Babak, Chil-Hung & Jiangning, 2014).  

 

 

 

 

 

 

It was also found that Fe3O4 and GO work well in combination. On hydration, GO sheets become                 

negatively charged and should disintegrate due to electronic repulsion. However, electrostatic           

forces of attraction are present due to cross-linked cations in Fe3O4, increasing the stability of               

GO films in water (Che-Ning, Kaylan, Jiaojing, Quan-Hong, Jiajing, 2015). Moreover, the            

interlayer spacing of GO can swell up to 17.63 Å, leading to           

poor salt rejection by the GO membranes. It was found that GO            

membrane can maintain a lower interlayer distance through        

physical confinement of the GO nanosheets by encapsulating        

them, maintaining an interlayer spacing of 6.4-9.8 Å. As a result          

of this controlled spacing, the water permeance is higher and          

more salts are able to be adsorbed. Hence ORMOSIL also          

complemented the composite. 

 



 

 

Compared to other treatment technologies targeted towards the removal of heavy metal ions and              

industrial dyes, which include complicated equipment, skilled usage, heavy economic burden,           

large amounts of byproducts and poisonous intermediates, lower efficiency and higher           

particularity for groups of pollutants, adsorption technology does not put a toll on finances, is               

simple in operation and safe to handle (Akba et al., 2017; Sharf & Saif, 2017). This study                 

investigates a novel method of adsorption that leverages on the intrinsic merits of organically              

modified silica (ORMOSIL). 

Objectives and Hypotheses 

This study aims to: 

1. To synthesise Fe3O4-GO-ORMOSIL ternary composite. 

2. To investigate the effectiveness of the synthesised Fe3O4-GO-ORMOSIL ternary         

composite in adsorbing zinc and iron(III) ions, as well as direct red 80, methyl orange               

and methylene blue dyes. 

This study hypotheses that: 

1. The Fe3O4-GO-ORMOSIL ternary composite can be successfully synthesised. 

2. The Fe3O4-GO-ORMOSIL ternary composite will have an adsorption efficiency greater          

than that of commercially available rGO. 

3. The Fe3O4-GO-ORMOSIL ternary composite can be recycled for further use with little            

reduction to its adsorption efficiency. 

Materials and Methods 

3.1 Materials 

A Hach Company DR/890 Colorimeter was used for measuring the concentration of heavy metal              

ions. For ultraviolet–visible spectroscopy, a Shimadzu UV-1800 UV spectrophotometer was          

used.  

 



 

Tetraethylorthosilicate(TEOS), Vinyltrimethoxysilane(VTMOS), graphene oxide(GO), direct red      

80 and methyl orange were purchased from Sigma-Aldrich. Methylene blue was purchased from             

Unichem. Iron(II) sulfate heptahydrate, iron(iii) chloride hexahydrate, iron(iii) nitrate         

nonahydrate, zinc sulfate heptahydrate, 25% aqueous ammonia and 1M sodium hydroxide were            

purchased from GCE Chemicals. 

3.2.1 Preparation of pollutants 

To prepare 20ppm Zn2+ stock solution, 0.0879g of zinc sulfate          

heptahydrate was dissolved in deionised water in a 1 litre volumetric flask.  

To prepare 20ppm Fe3+ stock solution, 0.0145g of iron(iii) nitrate          

nonahydrate was dissolved in deionised water in a 1 litre volumetric flask.  

To prepare 20ppm dye stock solutions, 0.020g of the respective dye           

(methylene blue, direct red 80 and methyl orange) was dissolved in           

deionised water in a 1 litre volumetric flask. 

3.2.2 Synthesis of Fe3O4 

2.57g of iron(II) sulfate heptahydrate and 5.00g of iron(iii) chloride hexahydrate were dissolved             

in deionised water to give 130ml of a solution with Fe2+ and Fe3+ ions in a 1:2 molar ratio. 25%                    

aqueous ammonia was then added to maintain the mixture at pH 10 for 1h. The resulting                

suspension was vacuum filtered, washed to pH 7 and dried in a 60℃ oven for 12h. The                 

composite was collected. 

3.2.3 Synthesis of Fe3O4 - GO composite 

2.00g of graphene oxide was dispersed in 130ml of water. 2.57g of iron(II)             

sulfate heptahydrate and 5.00g of iron(iii) chloride hexahydrate were dissolved          

in deionised water to give 130ml of a solution with Fe2+ and Fe3+ ions in a 1:2                 

molar ratio. This solution was gradually added to the graphene oxide           

suspension. 25% aqueous ammonia was then added to maintain the mixture at            

pH 10 for 1h. The resulting suspension was vacuum filtered, washed to pH 7              

and dried in a 60℃ oven for 12h. The composite was collected. 

 



 

3.2.4 Synthesis of Fe3O4 - GO - ORMOSIL ternary composite 

5.64ml of tetraethylorthosilicate (TEOS) was added to 3.78ml of         

vinyltrimethoxysilane (VTMOS) in a 1:1 molar ratio to form 9.00g of           

TEOS-VTMOS mixture and stirred for 5h for hydrolysis. 1.00 g of Fe3O4 - GO              

(10% specific weight percentage) was then added to the mixture, and the            

resulting mixture (Figure 3) was shaken at 150rpm for 1h. Then, sodium            

hydroxide was added to adjust the pH to 14 for base hydrolysis. The reaction              

mixture was kept in a 60℃ oven for 24h. The resulting suspension was vacuum              

filtered, washed to pH 7 and dried in a 60℃ oven for 12h. The composite was                

collected (Figure 4). 

3.2.5 Adsorption tests 

50mg of each adsorbent was added to 50ml of 20ppm solution for each pollutant, with               

a contact time of 12h with constant shaking at 150rpm. 5 replicates were done for each                

pollutant for Fe3O4, Fe3O4-GO and Fe3O4-GO-ORMOSIL for a total of 75 tests.  

3.2.6 Recording of results 

A magnet was held at the side of the container to attract the magnetic adsorbent before                

decanting the solution. The final concentration of Zn2+ and Fe3+ ions were measured             

with the use of a Hach Company DR/890 Colorimeter. The final concentration of             

methylene blue, direct red 80 and methyl orange were determined via a calibration             

curve (Figure 7) correlating absorption in the UV-vis spectrophotometer with the           

concentration.  

 

 

 



 

Figure 7.1: Calibration curve for 
Direct Red 80 

Figure 7.2: Calibration curve for 
Methylene Blue 

Figure 7.3: Calibration curve for 
Methyl Orange 

Results and Discussion 

FTIR 

 

Figure 8.1: FTIR spectrum graph for the synthesised Fe3O4 

 

Figure 8.2: FTIR spectrum graph for the synthesised Fe3O4-GO-ORMOSIL ternary composite 

The Fourier-transform infrared spectroscopy (FTIR) spectra of Fe3O4 in Figure 8.1 shows            

the identification of various absorption bands. The peak at 3400cm-1 is characteristic of             

stretching vibrations of hydroxyl groups. The various peaks at 620cm-1 and 480cm-1            

represent the adsorption band of FeO. With the results obtained from this FTIR similar to               

the expected FTIR of Fe3O4, this study has successfully synthesised Fe3O4. 

In Figure 8.2, the peak at 3450cm-1 is characteristic of the stretching vibrations of silanol               

(Si-OH) groups. The peak at 1600cm-1 represents the stretching vibration of C=C groups.             

The peak at 1150cm-1 is reflective of the stretching and deformation of Si-O-Fe groups. The               

peak at 550cm-1 represents the adsorption band of FeO. 

 



 

Adsorption Test 

 

Figure 9.1: Bar graph showing percentage 
of pollutants adsorbed by Fe3O4 

Figure 9.2: Bar graph showing percentage of 
pollutants adsorbed by Fe3O4-GO  

 

 

Figure 9.3: Bar graph showing percentage of 
pollutants adsorbed by Fe3O4-GO-ORMOSIL 

Figure 9.4: Bar graph comparing percentage of 
pollutants adsorbed by the three composites 

 
In Figure 9.4, direct red 80 was found to be the pollutant that was most adsorbed (65.1%, 77.9%, 

93.2%), with a 20.0% increase in adsorption when using the ternary composite compared to the 

binary composite. Methyl orange was the second most adsorbed (57.8%, 69.8%, 83.1%), with a 

19.0% increase in adsorption when using the ternary composite compared to the binary 

composite, followed by Zn2+ (22.5%, 35.5%, 69.7%) with a 96.3% increase in adsorption when 

using the ternary composite compared to the binary composite, Fe3+ (5.5%, 8.2%, 16.0%) with a 

95.1% increase in adsorption when using the ternary composite compared to the binary 

 



 

composite and methylene blue (4.1%, 6.4%, 12.4%) with a 93.7% increase in adsorption when 

using the ternary composite compared to the binary composite. 

Mann Whitney U Test 

p-value 

Zn2+ DR80 Fe3+ MB MO 

U vs B U vs T B vs T U vs B U vs T B vs T U vs B U vs T B vs T U vs B U vs T B vs T U vs B U vs T B vs T 

0.022 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 

Figure 10: Table showing p-values of Mann Whitney U Test, where U (Unary) represents Fe3O4, 

B (Binary) represents Fe3O4-GO and T (Ternary) represents Fe3O4-GO-ORMOSIL 

In Figure 10, the p-value was found to be ranging from 0.012 to 0.022, well below 0.05, hence 

the results are statistically significant and the null hypothesis can be rejected. 

Adsorption Capacity 

Adsorption Capacity/mgg-1 

Zn2+ DR80 Fe3+ MB MO 

U B T U B T U B T U B T U B T 

4.50 7.10 13.9 13.0 15.6 18.6 1.10 1.64 3.20 0.824 1.29 2.48 11.6 13.9 16.6 

Figure 11: Table showing adsorption capacity of composites, where U (Unary) represents Fe3O4, 

B (Binary) represents Fe3O4-GO and T (Ternary) represents Fe3O4-GO-ORMOSIL 

In Figure 11, adsorption capacity of the ternary composite was the highest for every pollutant. A 

significant increase in adsorption capacity was also observed in Zn2+, Direct Red 80, and Methyl 

Orange.  

Conclusion 

The ternary composite was found to have the highest adsorbency for every pollutant. Future 

experiments could be done to investigate the percentage of pollutants adsorbed as time passes, to 

 



 

find the time where the composite reaches maximum adsorption capacity as well as investigate 

the adsorption capacity of the ternary composite for other pollutants. Furthermore, experiments 

could be done to determine the effect of the specific weight percentage of Fe3O4-GO used to 

form the ternary composite on the adsorption capacity of the ternary composite, as well as the 

regeneration of the ternary composite. More tests should also be conducted on other heavy metal 

ions and dyes. 
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