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were determined spectrophotometrically using Plate Readers at 665 nm, the 

absorption maxima of the dye. Moreover, in order to apply using magnetic 

nanocomposties in Fenton reaction for degradation of methylene blue,   

concentration of Iron ion and hydrogene peroxide must be optimized.  

The magnetic nanocomposites showed good catalytic performance for MB 

organic dye oxidation by H2O2 after 5 hours of reaction. The reaction was able to 

proceed at pH neutral in room temperature. Finally, some future trends and 

prospective in this research areas are also discussed. 
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PART I. INTRODUCTION 

1.1 Research rationale 

With the increase of industrialization and urbanization in many developed 

cities, the requirement of removal of small amounts of toxic pollutants in the 

ppm or ppb level from industrial wastewater and contaminated groundwater is 

increasingly becoming significant. Chemical industries, such as oil refineries, 

petrochemical units, dye and dye intermediate manufacturing industries, textile 

units, industries making paper, pharmaceuticals, cosmetics and synthetic 

detergents, and tanneries are the typical industries that discharge toxic organic 

compounds at low concentrations, thus making the water polluted (Kabita et al., 

2001). 

 A new process for wastewater treatment in order to degrade or removing 

these compounds in textile industry effluents is an important issue. An 

extensively studied is the use of advanced oxidation processes (AOP). These 

processes are based on the formation of hydroxyl radicals, which are capable of 

oxidizing contaminants to smaller and less polluting molecules or even 

mineralize them, turning them into CO2, H2O, and inorganic ions from atoms. 

Fenton’s chemistry is very well known and it is one of the high potential 

oxidation technologies because it produces a highly reactive species [OH•] 

(Andre et al., 2014). 

Currently, nanotechnology is gradually changing people's lives. With its 

small nanometer size, nanomaterials have more unique characteristics than other 
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bulk materials with high mechanical strength, strong catalytic activity and high 

absorption capacity (Pedro et al., 2009).  

Previous researches indicated the catalytic capacity of the magnetic 

nanocomposite preform good in Fenton reaction (Cheng and Wei, 2011). The 

aim in this study was about to using the magnetic nanocomposite to demonstrate 

the degradation of organic pollutants, a study: ―The use of magnetic 

nanocomposites in Fenton reaction for catalytic degradation of methylene 

blue" was conducted. 

1.2 Research’s objective 

* Determine the optimum concentration of Iron ion and hydrogen peroxide 

on degradation of methylene blue.  

* Determine optimum of H2O2 concentration on degradation of methylene 

blue by magnetic nanocomposite for degradation of dye in textiles industry. 

* Assessment the efficiency of use magnetic nanocomposite in Fenton’s 

reaction to orientate the application in wastewater treatment technology. 
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PART II. LITERATURE REVIEW 

 

2.1 Nanotechnologies and nanomaterials 

Nanotechnology is a technology which relates to the analysis, design, 

fabrication and application of structures, devices with the controllable size in the 

nanometer scale. Nanomaterials describe, in principle, materials of which a 

single unit is sized (in at least one dimension) between 1 and 1000 nanometers 

(10
−9

 meter) but is usually 1—100 nm (Feynman, 1959). 

Nanomaterials research takes a materials science-based approach to 

nanotechnology, leveraging advances in materials metrology and synthesis which 

have been developed in support of microfabrication research (Davis, 2007). 

Materials with structure at the nanoscale often have unique optical, electronic, or 

mechanical properties. 

Characteristics and properties of nanomaterials: An extremely important 

characteristic of nanomaterials is that the diameter size is only in nanoscale. 

Therefore, the total number of atoms on the surface distribution of nanomaterials 

and the total surface area of the material is much greater than with conventional 

materials. This has appeared in many feature nanomaterials, especially the ability 

to absorb catalyst. With size reached to the molecular level, three main 

characteristics in nanoparticles were introduced as followed: quantum effects, 

surface effects, effect size. 

Nanocomposite: The term "nanocomposite" describes a group of composite 

materials, in which enhanced phase only at nanometer dimensions. The presence 



  7 
 

of this enhanced phase was to generate major improvements in the physical and 

mechanical properties of nanocomposite materials (Kumar and Krishnamoorti, 

2010). Usually, nanocomposites not only remain the original property than the 

original, but also improve the disadvantages from the original one to become the 

new one. The presence of enhanced phase generates the products which their 

properties of the components are not at the original. The nanocomposite is a 

material with many applications in many fields. So studying on nanocomposite 

materials is an important direction and being strongly developed. Enhanced 

phases in the nanocomposite usually are nanoparticles, colloidal particles, nano 

film fibers. Carriers in the nanocomposite material often are polymers, carbon 

fiber, the salt, zeolite and silica, bentonite (Anh, 2008).  

2.2 Synthesis of nanonaterials 

2.2.1 General principles 

Nanomaterials are made using two methods. 

Top-down method uses crushing and deformation techniques for processing 

large size materials into the nanoscale. 

In contrast top-down method, bottom-up method forming a material from 

the component at the level of atoms or ions. The advantage of this method is able 

to synthesize nanomaterials uniform size. Currently, almost nanomaterials were 

prepared from this method. It can be physical methods, chemical methods or a 

combination of both methods. 

Physical methods: The method of creating nanomaterials from atoms or 

transition.  
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- Transition method: materials heated then cooled at a rapid rate in order to 

obtain an amorphous state. The next process is to conduct heat treatment to 

obtain the material in the crystalline state. 

- Heat evaporation: atoms to form nanomaterials are generated by physical 

methods such as vacuum evaporation, sputtering and arc. Nanomaterials obtained 

from this method are the nano film. 

Chemical methods: This is method of fabricating nanomaterials from the 

ion or atoms. It is very popular for the synthesis of nanomaterials and 

nanocomposite. The advantage of this method is able to synthesize all types of 

nanomaterials such as nanowires, nanotubes, even complex nanostructures for 

biological simulations. Moreover, this method also allows intervention to 

generate nanomaterials with sizes as small as desired with high uniformity. 

- Chemical reduction method:  In chemical reduction method, salt of the 

corresponding metal is reduced in the presence of agents to control the growth of 

the particles and prevents their agglomeration. The advantage of this method are 

the implementation process simple, does not require expensive equipment, able 

to control the desired size and synthetic materials with a large amount. This 

method is mainly for the manufacture of metallic nanoparticles.  

- The method used electrolyte film: Some electrolyte films are commonly 

used to synthesize nanomaterials and nanocompostes are commonly used to 

synthesize nanomaterials and nanocompostes are polyacrylic (PAA), 

polyanlyamin hidroclorua (PHA), plyetylenimit (PEI). These films have a 

carbonyl group or nitrogen atoms with negatively charged, so it be absorbed by 

metal ions, durable complexes polymer film on it. Then the appropriate reducing 
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agent is used to remove metal ions. The resulting product is the nanostructured 

film single or multiple layers. 

- Sol-gel method: The sol-gel process is a wet-chemical technique (also 

known as chemical solution deposition) widely used recently in the fields of 

materials science and ceramic engineering. Such methods are used primarily for 

the fabrication of materials (typically a metal oxide) starting from a chemical 

solution (sol, short for solution), which acts as the precursor for an integrated 

network (or gel) of either discrete particles or network polymers (Brinker and 

Scherer, 1990). 

2.2.2 Magnetic nanoparticles 

Magnetic nanoparticles (MNPs) have many unique magnetic properties 

such as superparamagnetic, high coercivity, low Curie temperature, high 

magnetic susceptibility, etc. MNPs own such great interest which are attracted to 

researchers from a broad range of disciplines, including magnetic fluids, data 

storage, catalysis, and bio-applications (Patel, 2008). In environmental treatment 

technology, MNPs have absorbed capacity of two states of arsenate - As (III) and 

arsenit-As (V), capacity to absorb 200 times higher than bulk material (ACIA, 

2005). Especially, it has catalytic capacity in wastewater treatment for 

degradation of organic pollutants in water. 

MNP’s procedure synthesis is by the thermal decomposition of iron 

acetylacetonate, Fe(acac)3, in a high boiling point organic solvent in the presence 

of a reducing reagent and surfactants (ACIA, 2005). In a typical synthesis of ~10 

nm Fe3O4 NPs, Fe(acac)3 (3 mmol) was dissolved in 15 mL of benzyl ether and 
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15 mL of oleylamine. The solution was dehydrated at 110°C for 1h under N2 

atmosphere, then quickly heated to 300°C at a heating rate of 20°C/min, and aged 

at this temperature for 1h. After the reaction, the solution was allowed to cool 

down to room temperature. The Fe3O4 NPs were extracted upon the addition of 

50 mL of ethanol, followed by centrifuging. The Fe3O4 NPs (yield ~ 280 mg) 

were dispersed in nonpolar solvents such as hexane and toluene.  

Fe3O4 NPs were successfully synthesized via the thermal decomposition of 

Fe(acac)3 in benzyl ether and oleylamine. By varying the volume ratio of benzyl 

ether and oleylamine, we can tune the NP sizes from 10 to 13 nm, a range that 

showed reasonably large magnetization and is suitable for a CVD catalytic study. 

 

Figure 1.3 TEM images of Fe3O4 NPs in different scale bar: (a) 50 nm; (b) 100 nm. 

The transmission electron microscopy (TEM) images of Fe3O4 NPs with 

different scale were shown in Figure 1.3. 

2.2.3 Synthesis of gold@iron oxide nanoparticles 

Gold@iron-oxide nano composites were synthesized via an 

electrooxidation procedure, the size of Au@FexOy can be controlled from 13 to 

a) b)



  11 
 

100 nm (Park et al., 2008). Through this method, core-shell structure of gold-iron 

oxide was synthesis successfully. The shell thickness was controlled by time 

exlectooxidation. With different time, the shell thickness will have different size 

with at 15 nm 6 hours and 25 nm at twice electiooxidation time. 

The important material to synthesis gold iron oxide NPs is gold 

nanoparticles (AuNPs). AuNPs were synthesis by a chemical reduction method 

which can be useful apply for synthesis different size of nanoparticles with 

diameter range from 13 to 32 nm (Sasha and Hadi, 2008). In typical experiment, 

12.5mM, chloroauric acid solution was added to 50mL MilliQ water. The 

solution was heated till boiling with constant stirring, and 0.875 mL the sodium 

citrate solution (1%) was added, respectively. The reaction mixture underwent a 

series of color changes before finally turning a wine red color as mentioned. The 

solution was kept boiling for 5 min, and then using ice bath to stop reaction. 

Figure 1.4 showed that the absorbance of AuNP with different 

electrooxidation time from 0 min to 550 min. The shell structure was 12 ± 7 nm 

at 550 min and the shell thickness was able to be controlled by varying the 

reaction time which demonstrated through TEM images during in the 

electroxidation process at 1.0 V. 
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Figure 1.4 UV–Vis spectra of AuNP electrooxidation with different time using citrate 

buffer. 
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Figure 1.5 TEM image of a) AuNP( core ± Shell: 48  ± 0 nm); b) Au@FexOy at 550 min 

electrooxidation-citrate buffer (core ± Shell: 12  ± 7 nm); c) Au@FexOy at 360 min 

electrooxidation-citrate buffer (core ± Shell: 51  ± 12 nm) and d) Au@FexOy at  twice 

electrooxidation (core ± Shell: 44  ± 21 nm). 

At 0 min, the diamter of AuNP with core size diameter was 48 ± 0 nm. 

After 360 min electrooxidation (citrate buffer), shell thickness was grown to 12 

nm and it reached to 21 nm when proceeding the second time electrooxidation 

for another 360 minutes. 

 

Figure 1.6 TEM images of a) Au@FexOy and b) Au@FexOy through an annealing 

process in 1 mM citrate buffer (pH 6.8) with 30 min sonication. Annealing condition: 

350℃, 6h in N2 

Gold@iron oxide NPs after twice electrooxidation still lack of magnetic 

field in iron oxide structure. In order to apply magnetic field, Gold@iron oxide 

NPs were further proceed annealing process with special conditions. The 

annealing condition was under 350
o
C for 6 hours in N2. Afterwards, the solid like 

Gold@iron oxide NPs was sonicated in 1mM citrate buffer for 30 minutes in 

order to drive the particle redisperse again in the solution. 
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2.2 Overview of research and application of nanomaterial and 

nanocomposite 

Nowadays, the research and applications of nanotechnology in the world 

are interested in many countries. Some powers dominate the technology market 

currently such as the US, Japan, Taiwan, China, Germany, Russia and some 

European countries ... In these countries, government devoted a significant 

budget support for the research and practical applications of nano technology. 

Not only laboratories in the universities with equipment-study scale but the 

production corporations also conduct research and development of 

nanotechnology with laboratory with total cost studies equivalent the government 

budget for nanotechnology. 

In Vietnam, tend to approaching with nanotechnology in recent years has 

generated very charismatic movement on this field. The government has spent a 

large budget for research programs nanotechnology national level with the 

participation of many universities and research institutes in the country, initially 

gained encouraging results. The reason that nanotechnology is focused on 

developing due to magic applications that nanotechnology has been achieved in 

the field of science and technology. The following is the application of 

nanotechnology has the advantage. 

2.2.1 Electronic technology and information technology 

In the information technology needs to use large memory capacity 

increasing. Scientists have researched and generated computer chips with 

quantum dots called nano chip with very high integration level, allowing 
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increased memory capacity of the computer. Nanotechnology can also be applied 

in the fabrication of optoelectronic components in the liquid crystal display, laser 

transmitters, sensors... with the precision of a few nanometers (Hiroshi and 

Atsushi, 2015). 

* Biomedical 

- Separation and selective cell: Based on the characteristic of 

superparamagnetic of magnetite nanoparticles, researchers have used it to 

conduct cell separation. The process is split into two phases: biological marker 

that really need to study through the magnetic nanoparticles. Then separating the 

entities marked out by an external magnetic field environment. 

- Drug delivery: When entering the body, drug is often scattered and 

unfocused affect healthy cells, producing side effects. Therefore scientist use 

magnetic particles as drug carriers to the desired location on the body (tumors, 

cancer ...) by an external magnetic field. 

- Local hyperthermia: This method is used in cancer treatment. The 

magnetic nanoparticles are dispersed in the diseased tissue, then use an external 

alternating magnetic field of sufficient intensity and frequency is applied to the 

ferromagnetic nanoparticles, the nanoparticles do respond and make the local 

thermal heating cancer cells (about 42°C). At this local temperature can kill the 

cancer cells (Cu and Chanh, 2004). 

2.2.2 Environmental treatment material  

Environmental treatment material is being concerned, especially materials 

used for technology in purifying water. The filter was created by nanotechnology 
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with the filter diameter hole just like nano film for reverse osmosis (RO) and 

microfiltration membrane were able to filter bacteria and viruses in water and 

separated on 99.8% of all types of water-soluble substances (Tam, 2004). 

Recently, Japanese scientists have discovered a bacteria eating substances-

suspended in water with magnetic nanoparticles. When the organisms were fed 

(organic pollutants and the magnetic nanoparticles) full, they were deposited and 

separated from the water by an external magnetic field. 

 Owning to the characteristics of high surface area, apparently, 

nanomaterials showed a plenty of outstanding features, like mechanical strength, 

the ability to absorb excess and especially in catalyst. Taking advantage of these 

advantages, scientists have been studying to explore fabricating advanced 

materials, used in the environmental science. 

2.3 Fenton reaction and its application for degradation of methylene blue 

2.3.1 Fenton reaction 

The oxidation of organic substrates by iron (II) and hydrogen peroxide is 

called the ―Fenton chemistry‖, as it was first described by H.J.H. Fenton who 

first observed the oxidation of tartaric acid by H2O2 in the presence of ferrous 

iron ions. Alternatively, the name of ―Fenton reaction‖ or ―Fenton reagent‖ is 

often used. We know that the Fenton reagent defined as a mixture of hydrogen 

peroxide and ferrous iron is currently accepted as one of the most effective 

methods for the oxidation of organic pollutants.   

The Fenton reagent has been known for more than a century but its 

application as an oxidizing process for destroying hazardous organics was not 
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applied until the late 1960s. After this time comprehensive investigations showed 

that the Fenton reagent is effective in treating various industrial wastewater 

components including aromatic amines, a wide variety of dyes, pesticides, 

surfactants explosives as well as many other substances. As a result, the Fenton 

reagent has been applied to treat a variety of wastes such as those associated with 

the textile industry, chemical manufacturing, refinery and fuel terminals, engine 

and metal cleaning etc. The Fenton reagent can also effectively be used for the 

destruction of toxic wastes and non-biodegradable effluents to render them more 

suitable for secondary biological treatment. Moreover, the importance of Fenton 

chemistry has been long recognized among others in food chemistry and material 

ageing (Strlic, 1999). 

2.3.2 Fenton reaction for degradation of methylene blue 

A variety of physical, chemical and biological methods are presently 

available for the treatment of polluted water. Biological treatment is a good and 

promising as well as cost effective technology but it has a number of 

disadvantages. Physical methods such as liquid-liquid extraction, ion exchange, 

GAC adsorption, air stripping etc. are ineffective for pollutants which are not 

adsorbable or volatile similarly these technologies only transfer the pollutant 

from one phase to another phase. In the light of limitations of these methods, the 

chemical oxidation methods are capable to almost complete mineralization of 

organic pollutants and effective to the wider range of pollutants (Sanjay, 2004).  

Among the chemical oxidation methods, oxidation by Fenton’s reagent is 

popular method. Advantages of Fenton’s reagent over other oxidizing treatment 

are numerous, including simplicity, suitability to treat a wide range of substance, 
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no special equipment is needed etc. (Arnold, 1995). Generally in Fenton’s 

process ferrous ion is commonly used with the H2O2 as a source of OH• radical 

in presence or absence of light. 

Fenton reaction exploit the reactivity of the hydroxyl radical produced in 

acidic solution by the catalytic decomposition of H2O2. 

                         Fe
2+

 + H2O2 = Fe
3+

 + HO
−
 + HO•                                        (1) 

              H2O2 + HO• = HO2• + H2O                                                  (2) 

              Fe
2+

 + HO• = Fe
3+

 + HO
−
                                                      (3) 

The HO• radical is the main reactant in the process capable of detoxifying a 

number of organic substrates via oxidation. The kinetic activity of this radical is 

also tremendous. It reacts almost in a diffusion-controlled manner with second-

order rate constant in the range 10
9
–10

10
 dm

3
 mol

−1
 s

−1 
(Buxton et al., 1988) with 

a variety of reductants including attack to double bonds. 

The method of Fenton’s oxidation may not be applicable to alkaline 

solutions or sludges with strong buffering capacities. Another disadvantage of 

Fenton’s treatment is the production of iron sludge, which must be disposed 

(Bull, 1992). Costs of application of Fenton’s reagent are expected to be quite 

low as compared to other oxidation processes, such as UV radiation/hydrogen 

peroxide process. The main chemical cost of Fenton’s reagent is the cost of 

H2O2. So, it is important to optimize the amount of H2O2 in the Fenton’s 

oxidation technology. 

Methylene blue has been selected a refractory model compound in this 

oxidation process. Methylene blue is a basic dye extensively used for dying and 
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printing cotton, silk, etc. It is also used as a medicinal dye because of its 

antiseptic properties (Sanjay, 2004). 

2.4 The use of magnetic nanocomposites in Fenton reaction for catalytic 

degradation of methylene blue 

Magnetic field was tentatively introduced into Fenton reactions system for 

the degradation and discoloration of methyl blue as the represent of organic 

chemical dye, which was a bio-refractory organic pollutant in industry 

wastewater. It was found that under optimal Fenton reaction conditions, with the 

assistant of magnetic field in Fenton reactions, the degradation rate of methyl 

blue, the decomposition rate of H2O2 and the conversion rate of Fe (II)
 
were 

accelerated, the extent of them would be improved by the increase of magnetic 

field intensity (Hao, 2009).  

2.5 The equipment used to determine the properties of gold nanoparticles 

and methylene blue degradation 

2.5.1 Ultraviolet–visible spectroscopy (UV-Vis) 

The analytical method is widely used for a long time. Ultraviolet and visible 

spectrum (UV-Vis) of organic compounds associated with electron transition 

between the energy levels of electrons in the molecule when the electron 

transfers from the energy low energy level high (Martinez et al., 2012). 
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Figure 1.1 Ultraviolet–visible spectroscopy (UV-Vis) 

Energy transition: under normal conditions, the electrons in the molecule is 

in the ground state, the light stimulus with appropriate frequency, the electron 

will absorb energy and transfer to the excited state have a higher energy level. 

2.5.2 Transmission Electron Microscopy (TEM) 

Transmission electron microscopy is a microscopy technique in which a 

beam of electrons is transmitted through an ultra-thin specimen, interacting with 

the specimen as it passes through. An image is formed from the interaction of the 

electrons transmitted through the specimen; the image is magnified and focused 

onto an imaging device, such as a fluorescent screen, on a layer of photographic 

film, or to be detected by a sensor such as a CCD camera (Dewald et al., 1991).  

TEMs are capable of imaging at a significantly higher resolution than light 

microscopes, owing to the small de Broglie wavelength of electrons. This enables 

the instrument's user to examine fine detail-even as small as a single column of 

atoms, which is thousands of times smaller than the smallest resolvable object in 

a light microscope. TEM forms a major analysis method in a range of scientific 
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fields, in both physical and biological sciences. TEMs find application in cancer 

research, virology, materials science as well as pollution, nanotechnology, and 

semiconductor research. 

The operating principle of the TEM: in this method is the image obtained 

by the scattering of the electron beam through the sample. 

 

Figure 1.2 Schematic diagram of a TEM. Generally, TEM is divided into two main 

parts: illumination and imaging. 

- Advantages of the TEM: 

It is possible to create images with solid structures contrast; resolution 

(including space and time) is very high. TEM shows real images of the internal 

structure of solids; therefore, it provides more information, and easy creation of 

image resolution to the atomic level. 

- Disadvantages of the TEM:  
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+ Expensive: TEM has many powerful features and is very modern 

equipment so that its cost is very high, and require high working conditions e.g. 

ultra-high vacuum, power and stability of many parts conditions attached. 

+ Require more complex processor of sample and sometime must destroy 

the sample (this is not suitable for many biological specimens). 
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PART III. METHODS 

3.1 Materials 

3.1.1 Chemicals 

- Methylene blue; 

- Ferrous sulfate: FeSO4.7H2O (B.D.H.); 

- Ferric chloride: FeCl3; 

- Hydrogen Peroxide: H2O2 (30% w/v, Taiwan); 

- Fe3O4 MNC (magnetic nano clusters); 

- Au@FexOy before annealing (w/o magnetism); 

 - Au@FexOy after annealing (w/ magnetism); 

- Sulfuric acid: H2SO4 (97%); 

- Ethanol (95%); 

All solutions were made in distilled water. 

Table 1.1 Chemicals used in the experiment 

Salicylic Formula Property 

Methylene blue C16H18N3SCl - 

Ferrous sulfate FeSO4.7H2O - 

Ferric chloride FeCl3 - 

Hydrogen Peroxide H2O2 30% 

Ethanol C2H6O 95% 
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Sulfuric acid H2SO4 97% 

Hydrochloric acid HCl 12M 

Magnetic nanoparticles Fe3O4 Magnetic nanopclusters  

Au@FexOy Au@FexOy Before annealing/After 

annealing 

 

3.1.2 Equipment 

- Magnetic stirrer. 

- Magnetic ball 

- Micropipet. 

- Plastic tubes (Vial-1.5 mL) 

- Foil paper 

- UV-Vis spectroscopy (Cary 100 (Varian, Palo Alto, CA, USA) 

- Transmission Electron Microscopy (Germany) 

3.2 Methods 

3.2.1 Determine the optimum concentration of Fe
2+

 

 * Preparation of stock solution: 

- Methylene blue: 

Table 1.2 Preparation of methylene blue stock solution 

       

 
 

stock 

solution  

adding 

wight (mg) 

adding 

volume (µL) 

dilution 

solvent 

final 

conc. 

total 

volume 
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MB 16   

Ethanol, 

H2O 0.05M 1mL 

 

Ethanol   300.0       

 

distilled 

H2O   700.0       

 
     

 

stock 

solution initial conc.  

adding 

volume (µL) 

ratio: 

add/total 

dilute 

x 

final 

conc. 

 

MB 50mM 20 0.02 50 1mM 

 

distilled 

H2O   980       

 

- Iron (II) ion: 

+ Preparation of 0.05 M FeSO4.7H2O: dissolve 13.9 mg FeSO4.7H2O in 0.2 

mL sulfuric acid solution 0.1 M first then diluting to 1 mL with dd H2O. 

+ Preparation of H2SO4 0.1M by diluting of 5uL H2SO4 97% to 0.5mL with 

dd H2O 

Table 1.3 Preparation of Fe
2+ 

stock solution 

 
 

 
 

Stock 

solution 

Adding 

wight 

(mg) 

Adding 

volume 

(mL) 

Dilution 

solvent 

Final 

conc. 

(mM) 

Total 

volume 

  

 

Fe
2+

 13.9   

H2SO4 , 

H2O 50 1 mL 

  

 

0.1M 

H2SO4    0.2       

  

 

distilled 

H2O   0.8     

   

          

 

      
 

 
 

Stock 

solution 

Initial 

conc. 

Adding 

volume 

(µL) 

Ratio: 

add/total 

Dilution 

solvent 

Dilute 

fold (x) 

Final 

conc. 

Total 

volume 

 

Fe
2+

 50 mM 10 0.1 H2O 10 5mM 100µL 
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distilled 

H2O   90           

         

       

 

Stock 

solution 

Initial 

conc.  

Adding 

volume 

(µL) 

Ratio: 

add/total 

Dilution 

solvent 

Dilute 

fold (x) 

Final 

conc. 

Total 

volume 

 

Fe
2+

 5 mM 20 0.2 H2O 5 1mM 100µL 

 

distilled 

H2O   80           

 

- Hydrogen peroxide: 

Table 1.4 Preparation of H2O2 stock solution 

        

 

 
 

Stock 

solution 

Initial 

conc. 

(M) 

Adding 

volume 

(uL) 

Ratio: 

add/total 

Dilution 

solvent 

Dilute 

x 

Final 

conc. 

Total 

volume 

 

H2O2 8.82 5.67 0.11 H2O 8.82 1M 50µL 

 

distilled 

H2O   44.33           

 
       

 

 
 

Stock 

solution 

Initial 

conc.  

Adding 

volume 

(uL) 

Ratio: 

add/total 

Dilution 

solvent 

Dilute 

(fold) 

x 

Final 

conc. 

Total 

volume 

 

H2O2 1 M 10 0.1 H2O 10 0.1 M 100uL 

 

distilled 

H2O   90           

 

 

       

 

Stock 

solution 

Initial 

conc.  

Adding 

volume 

(µL) 

Ratio: 

add/total 

Dilution 

solvent 

Dilute 

(fold) 

x 

Final 

conc. 

Total 

volume 

 

H2O2 0.1 M 10 0.1 H2O 10 10mM 100µL 

 

distilled 

H2O   90           
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* Treatment 

 To determine the optimum Iron (II) concentration we used 4 different Iron 

(II) concentrations as following: 

- Treatment 1: Fe 0x, 0 M 

- Treatment 2: Fe 1x, 3.58×10
−5

 M 

- Treatment 3: Fe 4x, 1.43×10
−4

 M 

- Treatment 4: Fe 8x, 2.86×10
−4

 M 

* Procedure 

All plastic tubes were covered by foil paper in order to prevent the light 

entering inside solutions. 

1) Plastic tubes containing obtained MB solutions were placed on a 

magnetic stirrer for continuous stirring. 

2) Adding 10µL H2SO4 0.97 M for adjust pH from 2-3. All of the 

experiments were carried out at room temperate. 

3) The required amount of Fe
2+

, H2O2 was added simultaneously into the 

MB solution. 

4) Using UV-Vis spectroscopy to determine the spectrophotometrically of 

MB concentration at 0, 30, 60 minutes. 

5) Analyzing the degradation capacity by using Excel based on data 

collected form UV-Vis. 
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* Method to determine degradation capacity 

- Determine spectrophotometrically of MB concentration at 0 minutes, 30 

minutes and 60 minutes using UV-Vis spectroscopy. 

- Based on absorption maxima of MB, analyzing the degradation capacity 

by using Excel 

3.2.2 Determine the optimum concentration of H2O2 

The optimum concentration of Fe
2+

 was used as base in this experiment 

* Treatment 

To determine the optimum H2O2 concentration we used 5 different H2O2 

concentrations following: 

- Treatment 1: H2O2 0.5x, 0 M 

- Treatment 2: H2O2 1x, 4.41×10
−4

 M 

- Treatment 3: H2O2 2x, 8.82×10
−4

 M 

- Treatment 4: H2O2 4x, 1.76×10
−3

 M 

- Treatment 5: H2O2 8x, 3.52×10
−3

 M 

* Procedure 

- Plastic tubes containing 3.13×10
−5

 M MB solutions were placed on a 

magnetic stirrer for continuous stirring.  

- Using foil paper in order to cover the tubes and prevent the light entering 

inside solutions. 

- Adding 10µL H2SO4 0.97 M for adjust pH from 2-3.  
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- All of the experiments were carried out at room temperate. 

- The required amount of Fe
2+

 and H2O2 were added simultaneously into the 

MB solution. 

* Method to determine degradation capacity 

- Determine spectrophotometrically of MB concentration at 0 minutes, 30 

minutes and 60 minutes using UV-Vis spectroscopy. 

- Based on absorption maxima of MB, analyzing the degradation capacity by 

using Excel. 

3.2.3 Effect of pH value on conversion efficiency of MB 

The optimum concentration of Fe
2+

, H2O2 was used as base in this 

experiment 

* Treatment 

To determine the effect of pH value on degradation of MB, experiments 

were conducted with 3 treatments by base of [Fe
2+

], Fe 8x and [H2O2], H2O2 4x: 

- Treatment 1: adding 10µL H2SO4 0.97 M for adjust pH 2.5 – 3.5.  

- Treatment 2: adding 1µL H2SO4 0.97 M for adjust pH 4.5 – 5. 

- Treatment 3: adding 5µL NaOH 0.4 M for adjust pH 7. 

* Procedure 

- Plastic tubes containing 3.13×10
−5

 M MB solutions were placed on a 

magnetic stirrer for continuous stirring.  

- Using foil paper in order to cover the tubes and prevent the light entering 

inside solutions. 
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- Adding 10µL H2SO4 0.97 M for adjust pH from 2-3.  

- All of the experiments were carried out at room temperate. 

- The required amount of Fe
2+

 and H2O2 were added simultaneously into the 

MB solution. 

* Method to determine degradation capacity 

- Determine spectrophotometrically of MB concentration at 0 minutes, 30 

minutes and 60 minutes using UV-Vis spectroscopy. 

- Based on absorption maxima of MB, analyzing the degradation capacity 

by using Excel. 

3.3.4 Degradation of MB by Iron (II), Iron (III) 

* Treatment 

Experiments were conducted with 3 treatments at the same concentration of 

Iron ion, 2.86×10
−4

 M
 
and H2O2, 1.76×10

−3
 M, following: 

- Treatment 1: Fe
2+

,  

- Treatment 2: Fe
3+

 + Fe
2+

, ratio: 0.5  

- Treatment 3: Fe
3+

 

* Procedure 

- Plastic tubes containing 3.13×10
−5

 M MB solutions were placed on a 

magnetic stirrer for continuous stirring.  

- Using foil paper in order to cover the tubes and prevent the light entering 

inside solutions. 

- Adding 10µL H2SO4 0.97 M for adjust pH from 2-3.  



  31 
 

- All of the experiments were carried out at room temperate. 

- The required amount of Fe
2+

 and H2O2 were added simultaneously into the 

MB solution. 

* Method to determine degradation capacity 

- Determine spectrophotometrically of MB concentration at 0 minutes, 30 

minutes and 60 minutes using UV-Vis spectroscopy. 

- Based on absorption maxima of MB, analyzing the degradation capacity 

by using Excel. 

3.3.5 The use of MNC, Au@FexOy in degradation of MB 

* Treatment 

Experiments were conducted with 3 treatments as following: 

- Treatment 1: H2O2 4x 

- Treatment 2: H2O2 200x 

- Treatment 3: H2O2 2000x 

* Procedure 

- Plastic tubes containing 3.13×10
−5

 M MB solutions were placed on a 

magnetic stirrer for continuous stirring.  

- Using foil paper in order to cover the tubes and prevent the light entering 

inside solutions. 

- Adding 5µL NaOH 0.4 M for adjust pH 7.  

- All of the experiments were carried out at room temperate. 
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- The required amount of MNC, Au@FexOy –Before annealing, Au@FexOy  

- After annealing were added simultaneously into the MB solution. 

+) 2.86×10
−4 

M of MNC, Au@FexOy –Before annealing, Au@FexOy  - After 

annealing and H2O2 4x (1.76×10
−3

 M); 

+) 2.86×10
−4 

M of MNC, Au@FexOy –Before annealing, Au@FexOy  - After 

annealing and H2O2 200x (8.82×10
−2 

M); 

+) 2.86×10
−4 

M of MNC, Au@FexOy before annealing, Au@FexOy after 

annealing and H2O2 2000x (8.82×10
−1 

M); 

* Method to determine degradation capacity 

- Determine spectrophotometrically of MB concentration at 0 minutes, 30 

minutes and 60 minutes using UV-Vis spectroscopy. 

- Based on absorption maxima of MB, analyzing the degradation capacity 

by using Excel. 
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PART IV.  RESULTS 

 

4.1 Determination the optimum the concentration of Iron (II) for 

degradation of MB 

To determine the optimum Iron (II) concentration we used 4 different Iron 

(II) concentrations as following: treatment 1(Fe 0x, 0 M), treatment 2 (3.58×10
−5

 

M), treatment 3 (1.43×10
−4

 M), and treatment 4 (2.86×10
−4

 M). 

Those 4 concentration have the same concentration base with MB, 

3.13×10
−5

 M and H2O2, 1.76×10
−3

 M, respectively. The pH was adjusted from 2-

3.5 by adding 10 µL H2SO4 0.97%. 
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Figure 1.9 Degradation MB by different Fe
2+

 concentration in 60 minutes, pH = 2-3.5. 

The graph showed the degradation of MB by different Fe
2+

 concentration in 

60 minutes. With the increase concentration of Fe
2+

, the conversion efficiency 

increased. It also increased with a rise of time, from 0 to 60 minutes. Within 60 

minutes, conversion efficiency of MB was highest at 60 minutes and Fe 8x was 
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highest conversion efficiency with 41% at 60 minutes and Fe 0x was lowest at 

1.4%. 

4.2 Determination the optimum concentration of H2O2 for degradation of 

MB 

To determine the optimum H2O2 concentration we used 5 different H2O2 

concentrations as following: treatment 1 (H2O2 0.5x, 0 M), treatment 2 (H2O2 1x, 

4.41×10
−4

 M), treatment 3 (H2O2 2x, 8.82×10
−4

 M), treatment 4 (H2O2 4x, 

1.76×10
−3

 M), and treatment 5 (H2O2 8x, 3.52×10
−3

 M). 

Those 5 concentration have the same base concentration of MB, 3.13×10
−5

 

M and Fe
2+

 2.86×10
−4

 M, respectively. The pH was adjusted from 2-3.5 by 

adding 10 µL H2SO4 0.97%. 
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Figure 2.1 Degradation MB by different [H2O2] concentration in 60 minutes, pH = 2-

3.5. 

The graph presented the degradation of MB by different H2O2 concentration 

within 60 minutes. With the increase concentration of H2O2, the conversion 
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efficiency increased. It also increased with a rise of time, from 0 to 60 minutes. 

Within 60 minutes, conversion efficiency of MB was highest at 60 minutes and 

H2O2 4x was highest conversion efficiency with 41% at 60 minutes and H2O2 

0.5x was lowest at 1.5%. 

4.3 Effect of pH value on degradation of MB 

To determine the effect of pH value on degradation of MB, experiments 

were conducted with 3 treatments by base of [Fe
2+

], Fe 8x and [H2O2], H2O2 4x 

as following: treatment 1 (pH 2.5-3.5), treatment 2 (pH 4-5.5), treatment 3 (pH 7-

7.5). 
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Figure 2.2 Effect of pH on degradation of MB 

The graph presented the degradation of MB by different pH value within 60 

minutes. Surprisingly, with the increase pH value, the conversion efficiency 

increased.  

But the conversion efficiency still increased with a rise time, from 0 to 60 

minutes. Within 60 minutes, conversion efficiency of MB was highest at 60 
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minutes. The treatment 1, was adjusted pH 2-3.5, was highest conversion 

efficiency with 41% at 60 minutes. Treatment 3, was adjusted pH 7, was lowest 

the conversion efficiency at 33 %. 

4.4 Degradation of MB by Iron (II), Iron (III) 

Both Fe3O4 magnetic nanoclusters and Au@FexOy nanocomposites have 

good catalytic potential on the degradation of methylene blue (Andre, 2014). In 

theory, the ratio between Fe (II) and Fe (III) reactants of Fe3O4 magnetic NPs 

was 0.5. As a result, Fe (II); Fe (III); Fe (II) + Fe (III) solution was considered to 

be our positive control which compared with our magnetic nanoclusters and 

Au@FexOy. 

According to Figure 2.3, the decomposition of H2O2 reaction was rapid at 

the beginning when in the Fe (II) solution whereas decomposition of H2O2 was 

slightly slower.  Interestingly, the changed profile of the mixed Fe (II) and Fe 

(III) solution was similar approach to Fe (II). So, according to above observation, 

we assume that while the decomposition of MB start with Fe (III), other reaction 

may be involved during the decomposition reaction, which was shown below: 

                         Fe
3+

 + HO2• = Fe
2+

 + O2 + H
+
                       (4) 

                         Fe
2+

 + HO2• + H
+ 

= Fe
3+

 + H2O2                   (5) 

                         2HO2• = H2O2 + O2                                        (6) 

Although, the reaction was prior to Fe (II) for the degradation, still all the 

three groups achieve to 90 %. The reaction was almost complete. 
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Figure 2.3 Degradation of methylene blue by Fe (II); Fe (II) + Fe (III) and Fe (III) at pH 

2.5-3.5. 

4.5 The use of MNC, Au@FexOy in degradation of dye 

1) According to the optimum concentration of iron (II) and H2O2 as 

described in those experiments above, we apply to using magnetic 

nanocomposites in Fenton reaction for degradation of MB. In the treatment, we 

used MNC with 2.86×10
−4

 M and H2O2, 1.76×10
−3

 M (4x), pH 7 adjusted by 

adding 5µL NaOH in the solution.  The conversion efficiency was presented in 

Figure 2.4. 
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Figure 2.4 Degradation of methylene blue by MNC, H2O2 4x and pH = 7. 

From figure 2.4, degradation of MB by MNC with H2O2 4x, conversion 

efficiency is very low. It became constant after 30 minutes. The max concersion 

efficiency is 10% at 420 min. So the concentration of H2O2 here was not 

optimum for degradation of MB by magnetic nanoparticles.  

2) To verify the conversion ability of magnetic nanocomposites on 

degradation of dye, we conducted experiment with concentration of H2O2 at 200 

times dilute fold for 5 hours incubation. Then, we further spike 20 µL H2O2 8.82 

M in solutions to realize the degradation procedure. 
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Figure 2.5 Degradation of methylene blue by MNC, H2O2 8.82×10
−1

 M (200x), pH = 7 

with spike at 5 hours. 

From the figure 2.5, when increase H2O2 concentration up to 200x, the 

conversion efficiency is still low and almost no reaction at 300 min. Surprisingly, 

after adding 20µL H2O2 8.82 M, conversion efficiency rapid increases tend to a 

39% at 720 minutes. This is a base for determination of H2O2 on MB 

degradation, we conduct experiment following. 

3) MNC and Au@FexOy was further investigated for MB degradation 

afterwards. The experiments were conducted with MNC, Au@FexOy before 

annealing and Au@FexOy after annealing at the same concentration 2.86×10
−4

 M 

(Figure 2.6). The concentrations of H2O2 were kept at 8.82 M (2000 times diluted 

fold). 
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Figure 2.6 Degradation of MB by MNC, Au@FexOy after annealing, Au@FexOy before 

annealing at pH = 7, [H2O2] = 2000x. 

In figure 2.6, it showed that magnetic composite has well done reaction in 

the presence of H2O2 in Fenton reaction. Maximum conversion efficiency of 

Au@FexOy after annealing, Au@FexOy before annealing and MNC are 80%, 

23% and 71%, respectively. We found that the behavior between Au@FexOy 

before and after through annealing process performed significantly different 

behaviors in degradation. Surprisingly, the reaction was achieved almost 70-80 

% in magnetic particles. 

4) To compare and assement the effectiveness between Iron ion and 

magnetic nanocomposites, experiments were conducted with 7 treatments:  

- Treatment 1: H2O2 + H2O 

- Treatment 2: Fe
2+

 

- Treatment 3: Fe
3+

 

- Treatment 4: Fe 
2+

+Fe
3+

 

- Treatment 5: MNC, 2.86×10
−4

 M. 
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- Treatment 6: Au@FexOy after annealing, 2.86×10
−4

 M. 

- Treatment 7: Au@FexOy before anealing, 2.86×10
−4

 M. 
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Figure 2.7 Degradation of MB by a) H2O2 + H2O, b) Fe(II), c) Fe(III), d) Fe(II)+Fe(III), 

e) Au@FexOy after annealing, f) Au@FexOy before annealing and g) MNC (pH = 7). 

According to Figure 2.7, degradation of MB by Iron ion (II and III) group 

were rapid at the beginning of reaction with 90% conversion efficiency within 60 

minnutes  whereas groups from Au@FexOy, MNC was much slower when 

reaction began.  

We found the precipitants from the magnetic particles in the bottom of 

plastic tubes after the experiments completed. In detail, as we can see from 

Figure 2.8 (B), there were yellow precipitants on degradation of MB by Fe (II). 

This is evidence that Fe (II) is converted in to Fe (III) at the end of reaction. On 

degradation of MB by magnetic nanocomposites, there are also precipitants at the 

end of reaction as present on Figure 2.8 (A). However, these are magnetic 
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nanoparticles after reaction and they still have magnetic field. This is very 

important indicating advantages of using magnetic composites in Fenton’s 

reaction. We can reuse or recycle them not only once use that presented in many 

studies with the benefit in reuse of magnetic nanoparticles (Han et al., 2014). 

 

Figure 2.8 Photos of A) degradation of MB by MNC at the beginning, a)-b) at the end 

of reaction and B) degradation of MB by Fe (II) at the end of reaction with 

concentration of 200 times dilute fold of H2O2 (pH = 7) after 12 hours. 

In addition, even all the experiment for degradation of MB by magnetic 

nanoparticles were controlled with pH neutral (pH = 7) which was more suitable 

in real situation, the conversion efficiency was still remain certain extent 

compare to Iron (II)/Iron (III). Although the best condition for fenton reaction 

was conducted in pH 2.5-3.5.  

On the other hand, with core-shell nanostructure, probably because there 

was only an amount of Iron ion on surface of magnetic nanocomposites reacted 

with H2O2 in Fenton reaction; however, there was still iron ion inside non-react.   

http://pubs.rsc.org/en/results?searchtext=Author%3ATingting%20Han
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In fact, when using Iron (II) or Iron (III) in Fenton’s reaction occurred in 

real wastewater environment, totally Iron ion will take part in the reaction. 

However, Iron ions do not only reacting with H2O2 same as in theory, it also 

reacts with ions or organic compounds in wastewater, this will affect to the 

conversion efficiency of degradation of dye. By contrast, magnetic 

nanocomposites, will prevent nanoparticles and block organic compunds in 

wastewater react with iron ion. This indicated the conversion efficiency of MNC 

and Au@FexOy lower than Iron (II)/Iron (III) but more realistic in the real cases. 
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PART V. DISCUSSION AND CONCLUSION 

 

5.1 Discussion 

For degradation of methylene blue by Iron ions, the optimum 

concentrations of Iron ion, hydrogen peroxide were Fe 8x (2.86×10
−4

 M ) and 

H2O2 4x (1.76×10
−3

 M) was an optimum Fe
2+

 concentration for the most effective 

degradation of 3.13 × 10
−5

 M MB solution, the optimum pH value range from 2-

4. For degradation of MB by magnetic nanocomposites, the optimum H2O2 

concentration is 2000x (8.82×10
−1 

M). After 5 hours, magnetic nanocomposites 

performed good in Fenton reaction for degradation of methylene blue with 

conversion efficiency of MNC at 71%, Au@FexOy after annealing at 80% and 

Au@FexOy before annealing at 23%. 

5.2 Conclusion 

Gold@iron oxide nanoparticles and magnectic nanoparticles were 

successfully synthesized by a simple and inexpensive synthetic procedure with 

controlled size and shell thickness. Continue survey the synthesis of magnetic 

nanoparticles with different conditions to uniform the size of nanoparticles and 

optimum the synthetic procedure. It is very necessary to optimize the 

concentration of H2O2, Iron ions in Fenton reaction for apply using magnetic 

nanocomposites on degradation of MB.  
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