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1. Introduction – The objective of this research is to continue to study the capability of Au-
doped ZnO composites to photodegrade polyaromatic hydrocarbon 
(PAH) compounds commonly detected in refinery waste in hopes of 
overcoming the drawbacks of current waste removal methods. 
Semiconductor photocatalysis and advanced oxidative processes (AOP) 
using visible light is a promising solution to PAH degradation, as the 
catalyst can be recycled, light energy is widely available, and the use of 
harsh chemical oxidants is no longer needed. Noble metal nanoparticles 
are used to extend the light activation into more favourable visible 
wavelength regions, and away from UV activation of metal oxide 
semiconductors. This project uses Au-doped ZnO composites (Image 1) to photodegrade common PAH 
compounds, as ZnO is slightly basic in nature and has a larger particle size, allowing for more efficient 
recyclability. Preliminary results from the summer of 2021 have shown promising degradation of pyrene, 
phenanthrene, benzanthracene, and fluorene in as little as thirty minutes under the exposure of green light. 
Future work will be dedicated to studying the efficiency of degradation under different environmental 
conditions, catalyst optimization, and identification of PAH degradation products.   
 
2. Experimental – The PAH compounds are degraded under the following conditions: 15 mg catalyst 
(Au/ZnO), selected PAH in methanol/water mixture, hydrogen peroxide, and green light LED irradiation 
for varying time lengths. The resulting product mixture is then analyzed by GCMS.  
 
3. Results and Discussion – Previous work has 
examined the influence on the type of semiconductor 
support and hydrogen peroxide concentration on the 
degradation process. Experimental evidence has 
shown that the type of semiconductor support greatly 
influences reaction productivity (Image 2). Basic 
metal oxides in particular, suggest complete 
degradation of fluorene in under 60 minutes. 
Hydrogen peroxide is determined to play a 
significant role in the reaction process. There was 
little difference in productivity between 50 and 100 
uL of hydrogen peroxide added (Image 3). All PAH 
compounds studied, except chrysene, showed complete 
degradation in under 60 minutes of green light exposure 
(Table 1). 
 
4. Conclusion – Semiconductor photocatalysis and AOP using visible light offers a potential cost-
effective solution to refinery waste remediation using primarily only low energy, visible light sources. 
AuNP-doped ZnO has been proven to be an effective catalyst for PAH degradation in under 60 minutes of 
green light exposure. 
 
5. References– 
[1] Su, Y. H.; Chang, S.-H.; Teoh, L. G.; Chu, W.-H.; Tu, S.-L. J. Phys. Chem. C 2009, 113, 3923-3928. 
[2] Zhang, L.; Li, P.; Gong, Z.; Li, X. J. Hazard. Mater. 2008, 158, 478-484.  
[3] Kou, J.; Li, Z.; Yuan, Y.; Zhang, H.; Wang, Y.; Zou, Z. Environ. Sci. Technol. 2009, 43, 2919-2924. 
[4] Chen, Y.; Liang, S.; Wen, L.; Wu, W.; Yuan, R.; Wang, X.; Wu, L. Phys. Chem. Chem. Phys. 2013, 15, 
12742-12747.  
[5] Zhao, S.; Xue, S.; Zhang, J.; Zhang, Z.; Sun, J. Sci. Rep. 2020, 10, 3413.  
[6] Vermeiren, W.; Gilson, J. P. Topics in Catalysis 2009, 52, 1131-1161.  

Image 1. Surface plasmon resonance model 
of AuNP semiconductor photocatalysis. 

Table 1. % PAH Degradation 

Image 2. Effect of metal oxide on 
the photocatalytic decomposition 

of Fl using AuNP composites. 

Image 3. Influence of 30% H2O2 
on the photocatalytic 

degradation of Fl. 


