








 
Figure 8: Visual Orange G decolorization for Run #2 over 30 minutes. 
 
Two 5 g/L OG and 0.1 M NaCl solutions with graphite as the counter electrode were 
tested with BDDE. For these experimental runs, the surface area of the BDDE was either 
4.5 cm2 or 12.5 cm2, and a 2-mA/cm2 current density was used for both. For a set 2-
mA/cm2 current density, a 0.009 A or 0.025 A current was applied to the solutions, 
depending on which BDDE surface area was used. Currents were applied to the solutions 
for a total of 120 minutes. The average COD and OG decolorization plots for these 
experiments are shown in Figure 9. The starting OG concentration observed at t=0 
minutes was 5.14 g/L. For t=10, 20, and 30 minutes, the OG concentrations were 5.19, 
4.97, and 4.67 g/L. Though the OG concentration slightly increased from t=0 minutes to 
t=30 minutes, the overall trend for the 30-minute run was a decrease in the OG 
concentration. There was a 9% decolorization of OG observed for the 30-minute 
experiment. These experiments consisted of extended run times, so sampling occurred at 
t=120 minutes. The OG concentration decreased to 2.34 g/L at t=120 minutes. Overall, 
there was a 54% decolorization of OG for the full 120-minute duration of the experiment, 
and a roughly linear OG decolorization trend was observed for samples taken. This trend 
shows promise for continual azo bond breaking by OH radicals for extended time 
experiments. The COD concentration for the observed 5.14 g/L OG was 5177.33 µg 
O2/mL. For t=10, 20, and 30 minutes, the COD concentrations were 4898.46, 5056.94, 
and 4556.86 µg O2/mL. A 12% decrease in COD concentration occurred for the 30-
minute experiment duration. The extended run at t=120 minutes decreased the COD 
concentration to 3682.67 µg O2/mL. A 29% COD concentration decrease was observed 
for the full 120-minute run. The COD trend was also approximately linear for the full 
experimental duration. Since both the UV/Vis signal and COD readings lessened for the 
experiment, both decolorization and contaminant oxidation is implied for OG. The 
UV/Vis reading indicates that the OH radicals are breaking down the azo bonds of OG, 
which cause decolorization in samples that are taken. Decreased COD readings imply 
that less oxygen is needed to oxidize the contaminants present in the water due to OH 
radicals oxidizing organic content over time.  
 



 
Figure 9: Two-run average for decolorization of Orange G with a starting concentration 
of 5g/L and degradation of COD using boron doped diamond electrode in 0.1 M NaCl at 
a current density of 2 mA/cm2 for 2 hours.  
 
Since elevated COD readings were observed for previous experiments, a control 
experiment was performed to test if the BDDE had any effects on COD concentrations. A 
0.75 g/L OG and 0.02 M NaCl solution with stainless steel used as the counter electrode 
was tested with BDDE. The surface area of the BDDE was 4.5 cm2, and a 2-mA/cm2 
current density was used. A 0.009 A current was applied to the solution for a total of 30 
minutes. A sample of the solution without any electrodes was taken, which was the 
control. The BDDE and other electrodes were placed in the solution, and no current was 
applied for 10 minutes. After the 10 minutes, another sample was taken, which was 
labeled as the sample for t=0 minutes. From there, current was applied and regular 
samples were taken at 10-minute intervals. The COD and OG decolorization plots for this 
experiment are shown in Figure 10. The starting OG concentration observed for the 
control was 0.78 g/L. For t=0, 10, 20, and 30 minutes, the OG concentrations were 0.77, 
0.74, 0.65, and 0.58 g/L. For the control and t=0 minutes, the OG concentration was 
roughly the same, which indicates that BDDE with no applied current have almost no 
effect on the breaking of azo bonds and decolorization of OG. When the current was 
applied, decolorization of OG was observed. The OG was decolorized by 25% for the 30-
minute run. The COD concentrations for the control and t=0, 10, 20, and 30 minutes were 
3722.07, 4161.11, 4204.13, 4218.90, and 3863.06 µg O2/mL. The control and t=0 
minutes concentrations show that there could be a correlation to elevated COD readings 
due to BDDE placed in the solution with no applied current. Carbon from the BDDE 
could increase COD concentrations since more oxygen would be required to oxidize 
organic content, which would include the carbon from the electrode. Between the control 
and t=0 minutes, a 12% increase in COD concentration was observed. COD continued to 



increase until t=30 minutes. Between t=20 and 30 minutes, the COD reading decreased, 
but the reading was still slightly above the control reading. A 4% COD increase was 
observed for the full 30-minute experiment. This indicates that the BDDE could release 
carbon into the solution for a limited period of time until a stopping point is reached. 
However, more control experiments would need to be performed to better understand 
how BDDE influences COD readings. There was also a discrepancy between 
nanoparticle and BDDE COD readings. Though COD concentrations for nanoparticle 
testing at OG starting concentrations of 0.75 g/L were roughly 1500 µg O2/mL, the COD 
reading for BDDE with 0.75 g/L starting OG was approximately 3700 µg O2/mL. The 
inconsistent COD readings between nanoparticle and BDDE experiments with the same 
starting OG concentration need to be examined further as well.  
 

 
Figure 10: Decolorization of Orange G with a starting concentration of 0.75g/L and 
degradation of COD using boron doped diamond electrode in 0.02 M NaCl at a current 
density of 2-mA/cm2 for 30 minutes. 

 
3.3. Conclusions 
 

Experiments showed promise for OG in both decolorization through azo bond breaking 
and decreased COD readings by OH radical oxidation of contaminants using BDDE. 
BDDE is shown to be useful in both decolorization of OG and decreasing oxygen 
required to oxidize contaminants using COD. Through repeated experimental runs, better 
relationships between OG concentration, current density, and the use of BDDE for 
oxidation of organic content could be established.  
 
Section 4: Future Work 
 



One approach for testing degradation efficiency of nanoparticles is conducting 
experiments with double and triple nanoparticle mass ratios of 1:5. Loading more 
nanoparticles on a set BC mass could allow higher nanoparticle surface area to enhance 
the activation site of persulfate for sulfate radical generation. For nZVI/BC composites, 
the dispersion of particles between layers of BC surface has helped BC sheet aggregation, 
which in turn has shown promise in degradation of contaminants.25 Varying mass ratios, 
such as 1:1, 1:3, and 1:7, should be tested to better identify the correlation between 
particle dispersion and BC aggregation. In previous articles, an observation between 
contaminant removal efficiency and nZVI to BC ratios has been shown.25 An optimum 
mass ratio is needed since an excessive amount of BC could block reactive sites of iron 
particles, which would decrease contaminant degradation. Longer duration testing for 
nanoparticle experiments should also be examined. For BDDE, longer test times 
indicated further decolorization and decreased COD reading for OG, which could also be 
true for nanoparticles. Further experimental work would need to be done to show this 
relationship. 
 
For BDDE, further research and analysis should be done to understand the discrepancy 
between nanoparticle and BDDE COD readings for the same starting OG concentration. 
Repeat experiments of 0.75 g/L OG should be performed once the COD discrepancy is 
better understood. With varying experimental conditions, different correlations between 
electrochemical oxidation processes and mineralization current efficiency could be 
observed.16 For this reason, a range of current densities should be tested with BDDE to 
find the optimum one.  
 
Ultimately, wastewater from a poultry facility will be tested. Some known COD 
concentration ranges are 500-700 µg O2/mL and 1000-1500 µg O2/mL; however, COD 
readings for poultry wastewater could vary since the amount of organic content present 
could change depending on the poultry process. Testing varying starting OG 
concentrations is recommended for this reason. Poultry wastewater contaminants could 
also act differently compared to the OG model contaminant, so adjustments and further 
testing of experimental conditions would most likely be necessary. 
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