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11. Summary of the new findings of the thesis:  

- An one-step fabricating process ofnitrogen-doped TiO2and ZnO nanomaterials by 

ultrasonic electrochemical method using a traditional, environmentally friendly two-

electrode system at room temperature was successfully developed. 

- Operational parameters including concentration, reaction time, incubation 

temperature, ultrasonic energy, etc. were optimized to obtain nitrogen-doped TiO2 

nanomaterial possesing good photocatalytic activity with Cr(VI) and methylene blue in 

aqueous environment under the influence of visible radiation. 

- A multi-electrode ultrasonic electrochemical system was successfully built to scale 

up the production of nitrogen-doped TiO2nanomaterials using NH4NO3 electrolyte, 

voltage of 25 V, and reaction time of 45 min to obtain a yield of 11.4 g per batch. 

-  The photocatalytic mechanism of nitrogen-doped TiO2material treating Cr(VI) was 

explained by the photoreduction reaction of Cr(VI) to Cr(III) in aqueous 



environment,proving by combining analyzed results from UV-Vis spectrophotometry and 

Atomic Absorption Spectrophotometry. 

- ZnO nanomaterials fabricated by one-step method using the two-electrode ultrasonic 

electrochemical system had a wurtzite hexagonal structure with particle size ranging from 

40 to 100 nm, surface contact area ~ 7.68 m2/g. The obtained ZnO nanomaterials have 

good photocatalytic activity when decomposing methylene blue under UVA light 

illumination in 60 minutes with a decomposition efficiency of 98.2%. 

12. Practical applicability, if any:  

- Efficient removal of methylene blue and Cr(VI) ion from wastewater using nitrogen-

doped TiO2. 

13. Further research directions, if any:  

- Study the ability to treat wastewater using nitrogen-doped TiO2 nanoparticles 

- Develop the ultrasonic electrochemical method to fabricate Al-, Ga-, Mg- doped ZnO 

nanoparticles,… quantum dots QD-ZnO for quantum dot light-emitting diodes (Q-LED) 
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