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Synthesis of Photocatalytic Bismuth Vanadate (V) 

for Degradation of Organic Dyes

Objectives

• Synthesise BiVO4 via a simple      

co-precipitation reaction

• Evaluate the effectiveness of BiVO4

in degrading Brilliant Green and 

Methylene Blue dyes

• Compare BiVO4 with other 

photocatalysts: ZnO & TiO2

Introduction

Overview of Methods

Results and Discussion

ConclusionFuture Work

Synthesis of BiVO4 by Co-Precipitation

Comparison to ZnO and TiO2

XRD Analysis

Selected References

Problem!!
Every year, 200,000 tonnes of 

dyes are dumped in water bodies
(Ogugbue et al., 2011)

Current methods:

• Activated Carbon

o Recovery of dye is difficult

o High cost incurred during 

disposal of dye

• Titanium Dioxide

o Only responds to UV light

o Synthesis process is complex

Bismuth Vanadate:

Simple synthesis 

method

Works under 

visible light

Large Scale Industrial Application of BiVO4Comparison of Band Gap 

Organic dyes such as

Methylene Blue and

Brilliant Green are

toxic & carcinogenic
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VS

Bi(NO3)3 & NH4VO3

was each dissolved in 

HNO3

The solutions were 

mixed and NaHCO3

was added in excess

BiVO4 suspension 

was heated, washed 

and dried

Samples were 

calcined at 350˚C

NaHCO3HNO3

HNO3

NH4VO3

Bi(NO3)3

Bi NO3 3
+ NH4VO3 + H2O → BiVO4 + NH4NO3 + 2HNO3 Fig 1. XRD pattern of synthesised BiVO4

Fig 6. Comparison between amount of dye removed by different photocatalysts under (a) UV & (b) visible light. N=5

UV Light (a)
Visible Light (b)

Photocatalyst Band Gap /eV Reference

Non-Calcined BiVO4 3.0
This study

BiVO4 Calcined at 350˚C 2.5

ZnO 3.2 (Dodd, Mckinley,  

Tsuzuki, & 

Saunders, 2009)TiO2 3.0 – 3.2

1. Doping of BiVO4 with transition metals to 

further lower band gap

2. Testing BiVO4 on other organic 

compounds (bacteria/ anionic dyes)
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SIMPLE Synthesis Method

OUTPERFORMS conventional photocatalysts

FAST & EFFICIENT photocatalyst

Bismuth Vanadate (BiVO4)

BiVO4 is 

comparable to 

ZnO & more 

effective than 

TiO2

BiVO4 is more

effective than

both ZnO &

TiO2

Fig 8. Proposal of

how BiVO4 coated

steel meshes can be

used to remove dyes

on a large scale

Degradation of Dyes

0.1g of BiVO4 + 

25ml of 25 mg/L 

Dye solution

Final dye concentration 

analysed using UV-Vis 

Spectrophotometer
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Photocatalytic Activity of BiVO4

Photodegradation 

+ Adsorption

Only Adsorption

No observed difference between 

dark & light setups

Did photodegradation occur?

Analysis of Degradation Residue using Mass Spectrometry

•OH CH3OH•

HO2
• O2

•

Methylene Blue (Mr = 284)

Degradation Product (Mr = 270)

Step 1:

Step 2:

Kinetics Studies of BiVO4
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Calculation of Band Gap for calcined BiVO4

Using Planck-Einstein relation

Eg =
hc
λa.e.

≈

= 3.99 × 10−19 J (3s.f.)

= 2.50eV (3s.f.)

Where:

Eg is the band gap

h is Planck’s constant (6.626 × 10-34 m2 kg/s)

c is the speed of light (2.998 × 108 m/s)

1.986 × 10−25

497 × 10−9

Fig 2. Comparison between amount of dye removed by calcined and 

non-calcined BiVO4 in light & dark conditions. N=5 Fig 3. Mass spectra of degradation residue (calcined BiVO4) in (i) dark & (ii) light conditions Fig 4. Proposed mechanism for photodegradation of methylene blue dye

Fig 5. Kinetic studies on degradation of methylene blue by 

calcined BiVO4 in light & dark conditions. N=3

Fig 7. Calculation of optimal band gap (Eg) from UV-Vis Spectrum of calcined BiVO4

Dark (i) Light (ii)

Stirred under UV, Visible 

Light & Dark conditions

2θ peaks at 19.2°, 29.1°, 

35.4° & 47.4° are 

characteristics of 

monoclinic BiVO4

Conducted:

• Kinetic studies over a 

period of 75 min

• Determination of band 

gap of BiVO4

• Analysis of dye residues

Due to 

splitting of 

H2O by BiVO4

BiVO4 BiVO4
BiVO4 BiVO4


