
 

    

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 3, Issue 12 Dec 2021, pp: 1434-1447 www.ijaem.net    ISSN: 2395-5252 

 

 

 

 

DOI: 10.35629/5252-031214341447 Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal   Page 1434 

Zero Valent Iron Based Materials for the 

Removal of Methylene Blue 
 

Muneeb Ahmed *1, Muhammad Sabir Tehseen*2, 

KiranFatima*3Alia Mushtaq*4 
, *1

Drugs Testing Laboratory, Rawalpindi, Pakistan 
*2

The University of Lahore, Sargodha Campus, Pakistan 
*4

University of Wah, Wah Cantt, Pakistan 
*4

Quaid-i-Azam University, Islamabad, Pakistan 

Corresponding Author: Muneeb Ahmed 

 

-------------------------------------------------------------------------------------------------------------------------------------- 

Date of Submission: 15-12-2021                      Revised: 27-12-2021                Date of Acceptance: 30-12-2021 

--------------------------------------------------------------------------------------------------------------------------------------- 

 

ABSTRACT: Development of chemical methods 

of remediation of environmental pollutants is a 

well-known research area. Chemists and 

environmentalists are continuously involved in 

developing methods which can be used to deal with 

various environmental threats e.g., persistent 

organic pollutants (POPs) inorganic pollutants such 

as heavy metal ions etc. One of the latest terms 

being used is ―emerging pollutants‖ (EPs) are 

defined as compounds that contaminate the 

environment. After 1940s, this term is frequently 

used by the researchers. This group of pollutants 

includes endocrine disrupting compounds, personal 

care products and pharmaceuticals. In current 

research work we are interested in zero valent iron 

(ZVI) based materials, which can be employed for 

the removal of emerging pollutants. Effect of the 

interactions between the ZVI and emerging 

pollutants can be studied by the modification of 

ZVI.   

KEYWORDS:Zero Valent Iron (ZVI), Methylene 

Blue, Pollutants, EPs, Interaction 

 

I. INTRODUCTION 
Water pollution means any chemical, 

biological, or physical change that can affect the 

life on earth and change the environment of living 

organisms. Water pollution can cause so many 

deadly problems for the life on earth. i.e., for 

human and aquatic life as well. Deadly effect such 

as arsenicosis caused by arsenic, which is 

poisonous chemical released from industries, 

dysentery, polio, malaria, lead poisoning which is 

caused from substance lead, which is also released 

from industries, trachoma and so many other 

diseases caused by polluted water.  Scientists 

workday and night to overcome these types of 

diseases. Physical, biological, and chemical 

methods are used to overcome pollution i.e., 

screening, sedimentation, activated sludge process, 

precipitation, and ion exchange method. There are 

so many treatments to treat the water and they are 

categories as primary, secondary and tertiary 

treatment. 

 

 
Figure 1.1: Wastewater treatment methods 

 

1.1 Heterogenous photocatalysis  

As the name indicated, there are different 

photocatalysts are used and these catalysts are the 

semiconductors. This the technique which is used 

for the complete degradation of the emerging 

contaminants from the wastewater and make it less 

toxic. The selection of theses semiconductors is 

very important for these reactions i.e., 

semiconductor must be nontoxic, inexpensive, and 

chemically stable and present in various forms. 

Semiconductors have valance band (VB) and 

conduction band (CB) which is unoccupied band. 

There is the band gap between the valance and 
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conduction band and wide band gap which is 

greater than eV.   

There is also required light energy when it 

is higher than the band gap of semiconductor there 

is the production of holes (h
+
) and electrons (e

-
) in 

the conduction and valance band. For the 

degradation of emerging pollutants there is the 

generation of superoxide, peroxide and hydroxyl 

radicals from the valance and conduction band. 

Mostly there is the recombination of electron/hole 

pair and heat generation, to avoid the 

recombination of electron/hole pair there is the use 

of semiconductors. When the hole reacts with the 

hydroxide ion, it produced hydroxyl radical while 

when molecular oxygen adsorbed on the surface 

reacts with the electrons it is reduced to superoxide 

and then react with H+ ions to produced peroxide 

ions.  

There are so many catalysts used for the 

photocatalytic treatment of contaminants i.e., zero 

valent iron, ZnO, CdS and Fe2O3. TiO2 is the most 

used photocatalyst which is used to treat the 

wastewater to make it less toxic. Catalysts are very 

important in their selection because they are 

responsible for the radical formation which is then 

used for treatment of water. 

 

1.2 Zero Valent Iron  

Zero valent iron (ZVI) is a reagent which 

is used to remediate the contaminated water. ZVI 

has the capacity of ground water remediation. For 

this purpose, any reducing agent is used for the 

synthesis of ZVI i.e., sodium borohydride, Green 

tea and eucalyptus leaf and tea polyphenol.  After 

the synthesis, ZVI is used as an adsorbent.  

There are so many reducing agents which are used 

to synthesize the ZVI including sodium 

borohydride are listed in Table 1.2.  

 

Table 1.2: List of reducing agents 

Reducing agent Target  

Tea polyphenol  Degradation of 

Bromothymol 

Blue  

Eucalyptus leaf 

extracts  

For treatment of 

eutrophic 

wastewater  

Green tea and 

eucalyptus leaf  

For the removal 

of nitrate from 

aqueous solutions  

NaBH4  Adsorption and 

dichlorination of 

trichloroethylene  

Green tea leaves 

extract   

Degradation of 

aqueous cationic 

and anionic dyes 

Extract of 

Terminalia chebula 

fruit  

Helps to reduce 

palladium and 

iron salts to 

palladium and 

iron NPs  

Tea extracts as a 

catalyst for the 

Fentonlike 

oxidation of 

monochlorobenzene 

Reduced the 

formation of 

polyphenols and 

caffeine  which 

were used as a 

capping agent  to 

reduce the 

aggregation of Fe 

NPs  

 

1.3 Statement of the Problem  

Literature shows that ZVI based materials 

are useful for elimination of EPs. However, there 

are some problems associated with stability of ZVI 

materials. It is proposed that stability of ZVI based 

materials can be improved using protective layers. 

The resulting material might be more efficient as 

well as stable. Our proposed coating material is 

silica which is mechanically and thermally stable 

and is a good candidate for this purpose.  

 

1.4Objectives  

1. To modify the ZVI  

2. To characterize the material, we will use some 

analytical techniques like SEM and XRD  

3. To study the interactions between ZVI and EPs 

will be examined by UV visible 

spectrophotometer.  

 

II. EXPERIMENTATION 
2.1Modification of surfactant  

Ligand insertion method was used to 

modify the surfactant (CTAB), given by Brown 

and co-workers. It is cationic surfactant. For this 

modification equimolar ratio of halide salt of Fe 

and CTAB (1:1) was taken. The solvent which was 

used in this process is methanol and ferric chloride 

and CTAB was added in it. Stirred the solution for 

24 hours for mixing the solution well. Then, to 

remove the solvent rotary evaporation was used. 

Sample was kept in drying oven at 60 
°
C for the 

complete removal of moisture and used for 

proceeding work.  

2.2Synthesis of FeO/SiO2 

FeO/SiO2 was synthesized by modifying 

Sol gel hot injection method which is actually the 

method to synthesize silica partials [100]. For the 

synthesis of FeO/SiO2, 0.025M Fe modified CTAB 

(1.22g in 100ml of distilled water) was taken and 
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sonicated it until complete mixing of solution. 

After that, 0.0025M Na2SiO3 (0.305 g in 100 mL of 

distilled water) was taken and mix the solution 

well.  

Gradually injected an aqueous solution of 

Fe modified CTAB solution into a hot 

Na2SiO3solution at 90 °C. the pH of pure Na2SiO3 

is 14 but after adding iron solution in it the pH was 

4. To maintain the pH at 9 for the better results of 

composite, 1M NaOH (4 g in 100 mL of distilled 

water) was taken in burette and added dropwise in 

the solution.  

After that, the synthesized gel was kept 

cool under vigorous stirring for 30-40 minutes. 

After the formation of gel, the solvent was removed 

by vacuumed filtration. Ethanol was used for the 

washing of gel after filtration to reduce its 

oxidation. Again, washed with 20 mL distilled 

water.   

After the filtration process, precipitates 

were then placed in drying oven at 90
o
C to 

evaporate the remaining solvent in it, crystals were 

grinded well and annealed at 500
o
C to remove the 

internal stress. 1 g charcoal was taken outside the 

crucible so that all the oxygen used for burning 

during annealing.   

2.3Synthesis of metal   

For the synthesis of metal from metal 

oxide, excess of sodium borohydride was taken. 

1.32 g of metal oxide was dissolved in 20 mL of 

distilled water and added 0.33 g of sodium 

borohydride in the metal oxide solution. Stirred the 

whole solution and dried it in drying oven until all 

the solvent became evaporated. Grinded the 

crystals to fine powdered form after drying and 

annealed at 500
0
C.  

2.4Synthesis of Zero Valent Iron  

Zero valent iron was synthesized by the 

reduction of iron (III). For the reduction of iron 

sodium borohydride was used in the case of iron 

here. For the synthesis of ZVI, iron (III) 

hexahydrate (FeCl3.6H2O) and sodium borohydride 

(NaBH4) were taken. 1 g of FeCl3.6H2O was taken 

and dissolved in 4/1 (v/v) methanol/water i.e., 75 

mL methanol and 25 mL distilled water. Mix well 

and stirred on a magnetic stirrer. The solution of 

0.62 g of NaBH4 was prepared and poured it in a 

burette. Added this solution of NaBH4 dropwise to 

the Fe (III) solution by stirring on a magnetic 

stirrer. Immediately black precipitates seemed after 

the addition of sodium borohydride solution. After 

the addition of sodium borohydride solution, left 

whole the solution for 15 minutes.  

2.5Methylene blue as a targeted dye pollutant  

To investigate the efficiency of 

photocatalytic behavior of synthesized materials, 

methylene blue was used as a model dye pollutant. 

For such purpose, stock solution of methylene blue 

was made and diluted it up to 50ppm solution for 

further use. Throughout the experiment 50ppm 

solution was used.  

2.6Photo response of synthesized material  

Using UV-Vis spectrophotometer 

photolysis behavior of synthesized material was 

observed. Various set of experiments were 

performed such as solution preparation and 

photolysis for such purpose.  

2.6.1Stock solution of methylene blue  

To make the 100ppm stock solution of 

methylene blue, take 0.1 g of methylene blue and 

add it in 1 liter (1000 ml) of distilled water. For 

further ppm solutions use the dilution formula i.e. 

C1V1=C2V2 

2.6.250ppm solution of methylene blue from 

stock solution  

A 50ppm solution was prepared by taking 100ml of 

methylene blue from the stock solution and add 

100ml of distilled water in it and the total volume 

of the solution was 200ml for the photocatalysis 

reaction.  

2.6.3Photocatalysis  

A setup for photocatalysis was arranged. 

For this purpose, photoreactor was used. This 

experiment was performed by using photocatalyst. 

50ppm solution was taken, added photocatalyst 

(20mg) (ZVI, FeO/SiO2 and iron metal) and added 

hydrogen peroxide 1ml in a Patri dish.  Under three 

conditions i.e., Dark, Visible and UV light the 

same solution of 50ppm was used with the total 

volume 200ml.   

2.6.4Under dark  

Under dark condition, this solution was 

stirred. There is no change in color. 10 readings 

were taken after every 10 minutes during stirring. 

0.2ml sample was taken in every reading.   

2.6.5Under visible light  

Under visible light tungsten filament was used and 

same solution was taken and exposed it under the 

visible light. There is no change in color. Same 

procedure was used in this condition. After every 

10 minutes 0.2ml sample was taken and total 10 

samples were taken under visible condition.  

2.6.6Under UV light  

Same solution was taken under UV light. After 

every 10 minutes 0.2ml of the sample was taken. 

Total 10 readings were taken during stirring. The 

color was almost faded till the last reading. After 

this whole procedure, the concentration of pollutant 

i.e., methylene blue was determined by using UV -

Visible spectrophotometer.  
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III. RESULTS 
3.1XRD Analysis  

XRD was performed for the phase 

identification of synthesized material i.e., 

photocatalyst. Figure 3.1 shows that that XRD 

pattern for synthesized photocatalyst. The 2-theta 

value was measured in the range of 0-90 degree. 

Synthesized photocatalyst shows many peaks 

which matched with the standard with reference 

code 00-0020919. Comparative studies show that 

the synthesized photocatalyst has cubic structure. 

The maximum intensity showed at highest peaks 

present at 33.16 and 35.72 (2-theta). Other peaks 

are on 24.12, 40.97, 49.47, 55.33, 57.56, 62.88, 

64.02, 69.73, 72.01 and 75.43 (2 theta degree). The 

XRD pattern showed that there is the formation of 

iron oxide.  

 

 
Figure 3.1: XRD pattern of iron oxide 

 

Figure 3.2 shows that there is the formation of ZVI. 

The broader and intense peak matches with the 

standard with reference number 00-002-0919.  

 

 
Figure 3.2: XRD pattern of ZVI 

 

XRD spectrum shows that there is formation of 

SZVI. The apparent peaks on 2theta at 16.17 and 

46.88 degree. Other peaks are present on 26.13 and 

60.68 degree. Figure 3.3 shows the conformation of 

SZVI synthesis.   

 

 
Figure 3.3: XRD pattern of SZVI 

 

3.2SEM Analysis  

SEM was performed for the examination 

of morphology of synthesized material. The 

morphology was examined with the help of 

scanning electron microscopy. Figure 3.4 shows 

that the SEM image of iron oxide synthesis and 

have monodisperse uniform composition.  

 

 
Figure 3.4: SEM images of iron oxide at 200 and 

500nm resolution 

 

In figure 3.5 ZVI particles were clearly seen. These 

particles having porous structure with 200 and 500 

nm resolution.  

 
Figure 3.5: SEM images of iron oxide at 1 

micrometer and 500nm resolution 
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SEM images of SZVI shows that particles are 

porous in nature as shown in figure 3.6 on different 

resolutions.  

 
Figure 3.6: SEM images of SZVI at 1 and 2 

micrometer, 200 and 500nm resolution 

 

3.3UV-Visible Spectroscopic analysis  

3.3.1UV-Visible spectrum of methylene blue  

50 ppm solution of methylene blue was 

prepared. Further dilutions were prepared to find 

the λmax of methylene blue solution.  With the help 

of UV-Vis spectrophotometer, solution was 

scanned to find the maximum value of absorbance 

of MB. At 665 nm MB shows highest absorbance 

value as shown in figure 3.7.  

 

 
Figure 3.7: UV-Visible spectrum of MB at λmax 

664 nm 

 

3.3.2Calibration curve of Methylene Blue (MB)  

From 100 ppm stock solution, different ppm 

solutions (50, 40, 30, 20, 10 and 5ppm) were made 

for the validation of lambert beer’s law. By using 

the following dilution formula  

C1V1 = C2V2 

Spectrum was taken by using UV-Vis 

spectrophotometer. Set a calibration curve and It 

gives the slope and showing the trend of absorption 

following Beer Lambert’s Law. Most diluted 

solution shows lowest absorbance. Theλmax of MB 

was recorded at wavelength of 664nm. By UV-Vis 

spectrophotometer, absorbance was determined 

between the range of 200-800nm.  From the 

positive value of R
2
 it can be concluded that with 

the increase of MB concentration the absorbance 

become increased. It shows linearity up to 50ppm 

solution according to figure 3.8.  

 

 
Figure 3.8: Calibration curve of MB at 664 nm 

 

3.3.3Photo degradation of MB under different 

conditions  

Degradation experiment was performed 

under different conditions i.e., under dark, visible 

light and UV light. These conditions were used to 

find out the degradation of MB that how much 

degradation is achieved in all three conditions.  

3.3.3.1Under dark condition  

The degradation experiment under dark 

condition was performed for 100 minutes with 10 

minutes interval for each reading. UV-Vis 

spectrum was taken which shows was no 

degradation under dark condition.as shown in 

figure 3.9.  
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Figure 3.9: Degradation spectrum of MB under 

dark condition with time interval of 10 minutes 

 

3.3.3.2% Degradation of MB   

With the help of absorbance values, % 

degradation was calculated. It shows that there was 

no degradation under dark condition. So, the net 

degradation of MB under dark condition was 0% 

according to the figure 3.10.  

 
Figure 3.10: Degradation plot of MB under dark 

condition 

 

3.3.3.3Under visible condition  

The experiment duration for visible light 

degradation of MB was 90 minutes with the same 

interval of 10 minutes for every reading. When MB 

was exposed to visible light the degradation was 

recorded from UV-Vis spectrum which was taken 

for each reading.  

 

 
Figure 3.11: Degradation spectrum of MB under 

visible condition with time interval of 10 minutes 

 

3.3.3.4Degradation of MB  

From the absorbance values the 

degradation was recorded. After 10 minutes the 

degradation was maximum which is 2% as shown 

in figure 3.12. After that the decreased in MB 

degradation was observed.  

 

 
Figure 3.12: Degradation plot of MB under visible 

condition 

 

3.3.3.5Under UV lamp  

Within 90 minutes the experiment was 

completed under UV light. When MB was exposed 

to UV light the minute degradation was observed 

which is shown by the spectrum taken from UV-

Vis spectrophotometer in figure 3.13.  

 
Figure 3.13: Degradation spectrum of MB under 

UV lamp with time interval of 10 minutes 
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3.3.3.6Degradation of MB  

MB was degraded when it is exposed to UV light 

6% degradation was recorded after 10 minutes. 

After that the decreased in degradation was noted 

which is shown in figure 3.14.  

 

 
Figure 3.14: Degradation plot of MB under UV 

 

Under dark, visible and UV condition the 

% degradation of 50ppm solution of MB was 

recorded at wavelength of 664 nm. The degradation 

under dark was more as compare to visible and UV 

region. Under dark condition the maximum 

degradation was recorded.  

 

 
Figure 3.15: comparison of % Degradation plot of 

MB under different conditions 

 

3.3.4Effect of Metal Oxide on MB degradation  

3.3.4.1Under dark condition  

When there is no light, UV- Vis spectra show that 

the absorbance was kept under wavelength of 

664nm in figure 3.16. There is not huge change in 

the visibility of spectra.  

 
Figure 3.16: Degradation spectrum of MB with 

MO under dark condition with time interval of 10 

minutes 

 

3.3.4.2Effect of MO on % degradation of MB   

In case of metal oxide, the absorbance 

value was low immediately after the addition of 

ZVI and H2O2 at 0 minute. After that there was 

increase in absorbance so that the removal 

decreases from 27% to 12 %. The removal rate was 

very fast at 0 minute as shown in figure 3.17.  

 

 
Figure 3.17: Degradation plot of MB with MO 

under dark condition 

 

3.3.4.3Under visible condition  

The spectra of MO show that the 

absorbance is maximum at 664 nm. Where the 

concentration of MO was low as compare to the 

concentration at zero minute.  
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Figure 3.18: Degradation spectrum of MB with 

MO under visible condition with time interval of 

10 minutes 

 

3.3.4.4Effect of MO on % degradation of MB 

when visible light was applied to the 

solution the degradation rate increased as the time 

increased as shown in figure 3.19. Degradation is 

due to the production of hydroxyl radicals. More 

hydroxyl radical production causes more 

degradation.  

 
Figure 3.19: % Degradation plot of MB with MO 

under visible light 

 

3.3.4.5Under UV lamp  

When solution was exposed to UV light the rate of 

degradation became fast. The absorbance of MO 

was shown in figure 3.20 in the presence of UV 

light at different time intervals.  

 

 
Figure 3.20: Degradation spectrum of MB with 

MO under UV lamp with time interval of 10 

minutes 

 

3.3.4.6Effect of MO on percent degradation of 

MB   

It is clearly shown in figure 3.21 that the 

absorbance at zero minute was high so that the 

degradation rate was slow as compare to 100 

minutes. At 0 minute the concentration of MB was 

maximum so that the degradation was slow as 

compare to 70 minutes because at 70 minutes the 

concentration of MB nearly approaching to zero. 

 

 
Figure 3.21: % Degradation plot of MB with MO 

under UV lamp 

 

3.3.4.7Comparison of MO effect on % 

degradation under different conditions  

Under dark condition the maximum 

degradation was 27% on the addition of ZVI and 

hydrogen peroxide at 0 minute while under visible 

condition the maximum degradation was 16% at 90 

minutes.as shown in figure 3.22 Under UV lamp 

the maximum degradation was 102% at 90 

minutes.  
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Figure 3.22: Comparison of % degradation plot of 

MB with MO under different conditions 

 

3.3.5Effect of ZVI on MB degradation   

3.3.5.1Under dark  

The degradation pattern of MB due to ZVI and 

hydrogen peroxide was shown in spectra at 

different interval of time. Under dark condition the 

absorbance maxima were kept under the 

wavelength of 664nm.  

 

 
Figure 3.23: Degradation spectrum of MB with 

ZVI under dark condition with time interval of 10 

minutes 

 

3.3.5.2Effect of ZVI on % degradation of MB   

It is clearly shown in figure 3.24 that at 0 

minute the degradation rate was slow. With the 

passage of time the concentration of MB was 

decreased in the presence of ZVI and hydrogen 

peroxide. At 20 minutes the degradation of MB 

was maximum under dark condition. After that 

there was decreased in degradation rate.The 

degradation rate increased due to the production of 

hydroxyl radicals.  

 
Figure 3.24: Degradation plot of MB with ZVI 

under dark condition 

 

3.3.5.3Under visible light  

When solution was kept under visible 

light, the UV-Vis spectra shows that the 

degradation pattern of MB in the presence of ZVI 

and hydrogen peroxide with the passage of time 

with 10 minutes difference. The absorbance was 

kept under visible light at 664 nm.  

 

 
Figure 3.25: Degradation spectrum of MB with 

ZVI under visible light with time interval of 10 

minutes 

 

3.3.5.4Effect of ZVI on degradation of MB   

With the addition of ZVI and hydrogen 

peroxide the degradation of MB was increased and 

the concentration of MB was decreased with the 

passage of time according to figure 3.26. It is noted 

that maximum degradation was 22 % after 50 

minutes. At 50 minutes the degradation is 

maximum after that there was increased in 

absorbance.  

 

 

 

 

 



 

    

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 3, Issue 12 Dec 2021, pp: 1434-1447 www.ijaem.net    ISSN: 2395-5252 

 

 

 

 

DOI: 10.35629/5252-031214341447 Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal   Page 1443 

 
Figure 3.26: % Degradation plot of MB with ZVI 

under visible light 

3.3.5.5Under UV light  

It is clearly seen in spectra that the 

absorbance was minimum under wavelength of 664 

nm. There was continuous decreased in absorbance 

at 664nm under different time intervals. The 

decreased in absorbance is due to the decreased in 

concentration of MB.  

 

 
Figure 3.27: Degradation spectrum of MB with 

ZVI under UV light with time interval of 10 

minutes 

 

3.3.5.6Effect of ZVI on percent degradation of 

MB   

There was continuous increased in 

degradation pattern as shown in figure 3.28 At zero 

minute the degradation was minimum but with the 

passage of time the degradation was maximum at 

80 minutes.  The maximum degradation kept under 

UV light at 80 minutes was 34%.  

 

 

Figure 3.28: % Degradation plot of MB with ZVI 

under UV light 

 

3.4.5.7Comparison of effect of ZVI on MB 

degradation under different conditions  

Under dark condition the degradation was 

17% at 30 minutes while under visible condition 

the removal was 22 % in 50 minutes. Under UV 

lamp the degradation was 34 % in 80 minutes. The 

degradation was increased in manner of dark, 

visible and UV. Degradation under visible was 

maximum than dark. Under UV the removal was 

maximum as compare to both dark and visible 

condition as shown in figure 3.29. 

 

 
Figure 3.29: Comparison of % degradation plot of 

MB with ZVI under different conditions 

3.3.6Effect of SZVI on MB degradation under 

different conditions   

3.3.6.1Under dark  

Under dark condition the absorbance 

pattern was continuously decreased with the 

addition of SZVI and hydrogen peroxide at 

different intervals of time. With the difference of 

10 minutes the absorbance pattern was shown in 

figure 3.30at wavelength of 664nm.  

 

 
Figure 3.30: Degradation spectrum of MB with 

SZVI under dark condition with time interval of 10 

minutes 
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3.3.6.2Effect of SZVI on degradation of MB   

The degradation rate was fast in the 

presence of catalysts. After the addition of 

catalysts, the degradation of MB was increased due 

to the hydroxyl radical production. At 0 minutes 

the concentration of MB is high so that the 

absorbance value was also maximum and 

degradation rate minimum as shown in figure 3.31. 

But after the addition of catalysts at 0 minute the 

degradation rate was increased immediately 34% 

so that the reaction rate was very fast. At 100 

minute the absorbance value was minimum as 

compare to 0 minute and the degradation was 41 % 

after 100 minutes.  

 

 
Figure 3.31: % Degradation plot of MB with SZVI 

under dark condition 

 

3.3.6.3Under visible light  

When the solution was exposed to visible 

light the absorbance of MB was decreases 

gradually at wavelength of 664nm with the passage 

of time at 10 minutes difference. The absorption 

pattern was shown in figure 3.32 at 664nm with the 

addition of SZVI and hydrogen per oxide. 

 
Figure 3.32: Degradation spectrum of MB with 

SZVI under visible condition with time interval of 

10 minutes 

 

3.3.6.4Effect of SZVI on % degradation of MB   

Under visible condition the degradation 

rate was fast at 0 minute, but it is also noted that 

there is no huge difference of degradation between 

0 to 90 minutes as shown in figure 3.36 At 0 

minutes after addition of SZVI and hydrogen 

peroxide the degradation was 44 %. 

 

 
Figure 3.33: % Degradation plot of MB with SZVI 

under visible condition 

 

3.3.6.5Under UV lamp  

According to figure 3.34 as shown, the 

peak shifted from 664nm to 654 nm under UV 

light. The maximum absorption of MB was 

recorded at 664nm wavelength.  

 

 
Figure 3.34: Degradation spectrum of MB with 

SZVI under UV condition with time interval of 10 

minutes 

 

3.3.6.6Effect of SZVI on percent degradation of 

MB   

With the passage of time the degradation 

of MB was increased in the presence of catalysts 

under UV light as shown in figure 3.35 The 

concentration of Mb was higher at 0 minute as 

compare to 90 minutes so that the absorbance at 0 

minute was minimum as compare to 100 minutes. 

At 0 minutes the degradation was 68% and at 100 

minutes the degradation was 98%.   
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Figure 3.35: % Degradation plot of MB with SZVI 

under UV condition 

 

3.4.6.7Comparison of SZVI effect on 

degradation of MB under different conditions   

Under dark environment the degradation 

was 41 % in 100 minutes while under visible 

condition the degradation was 44 % in 0 minutes. 

Under UV the degradation was 98 % in 100 

minutes. While comparing them, the degradation 

under dark was minimum while under UV 

degradation was maximum figure 3.36.  

 

 
Figure 3.36: Comparison of % Degradation pattern 

of MB with SZVI under different conditions 

 

IV.DISCUSSION 
4.1Summary of research work  

This research work was designed to 

synthesize SiO2/FeO, ZVI and SZVI. To synthesize 

iron oxide sol gel method was used and induced 

metal in CTAB to increase its porosity. To check 

the interactions that how they interact with 

different dyes i.e., MB, Rh-B, MOrg and CR. UV-

Vis spectrophotometer was used to check the 

interactions between them after every reading.  

4.2XRD analysis   

XRD was done for the phase identification 

of material which was synthesized i.e., 

photocatalyst. Comparative studies show that the 

synthesized photocatalyst has cubic structure as 

shown in figure 3.1. If there were no peaks found it 

means the synthesized material was amorphous in 

nature.  

XRD analysis was shown in Section 3.1 

for iron oxide, ZVI and SZVI from figure 3.1 to 

figure 3.3, the conformation of diffraction peaks 

was present at 2 theta which was the indication of 

presence of iron. In case of silica there was no peak 

because XRD is limited to crystalline structures 

only.   

Figure 3.1 shows that iron oxide was 

synthesized. And was cubic in structure according 

to literature. According to figure 3.1 there was the 

presence of synthesized material in case of iron 

oxide. The most intense peaks were present on 

33.29, 35.72 degree at 2theta. Other peaks are 

present at 24.12, 40.97, 49.60, 54.06, 57.07, 62.55,  

64.04,72.13 and 75.49 degree.  

In case of zero valent iron figure 3.2 

shows the broad peak on 44.45 degree at 2 theta 

which is the indication of the presence of ZVI. 

According to literature the crystalline structure of 

ZVI was cubic.   

4.3SEM analysis  

In figure 3.4 the SEM result of iron oxide 

was shown. Particles are homogeneously arranged 

and are clearly shown. The particles were not 

agglomerated. The SEM image shows the 

conformation of iron oxide particles synthesis. First 

image shows the 200nm resolution of iron oxide in 

which particles are arranged in order while in 

500nm resolution the particles are closely packed 

and arranged as well.  

According to the literature, core shell 

structure represents ZVI with hollow spaces which 

indicates oxidized part of iron oxide. These shells 

are responsible of resistant to further oxidation.  

In case of SZVI, particles are hollow in 

structure which represents the porosity of SZVI. 

The material was more porous which is responsible 

for the better degradation efficiency of the 

pollutant. It acts as pollutant removal agent against 

dyes. In first image with 1 micrometer resolution, it 

is clearly shown that particles are porous in 

structure but in 500 nm resolution image particles 

of SZVI are clearly visible.  
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4.4UV VIS- spectroscopic analysis  

Under different conditions different dyes 

behaves differently. with catalysts dyes degraded 

well other than without catalysts. UV light effect 

the catalysis process in case of degradation of dyes. 

In figure 4.1 the response of all the dyes under dark 

condition observed. There is no response towards 

degradation as they are responsible of adsorption 

assisted photocatalysis. In the figure shown only 

MB with SZVI response well as compare to all 

other dyes but it was not much better result.  

 

CONCLUSION 
 It is concluded that synthesized materials 

(photocatalyst) are more efficient in 

degradation of dyes under UV lamp.  

 The degradation is fast with catalyst as 

compare to without catalyst. It means the rate 

of reaction is fast with catalysts.  

 The degradation of dyes in the presence of 

photocatalyst is not time consuming because 

within less than a minute the degradation 

approaches to maximum degradation values.  

 The synthesized material is more stable in 

degradation of dyes.  
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