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Figure �13.�1The�1characterization�1of�1the�1anode.�1(a)�1SEM�1pattern�1of�1the�1wedged�1surface�1TiO2�1nanopore�1

electrode.�1(b)�1SEM�1pattern�1of�1the�1TiO2�1nanoplanar�1electrode.�1(c)�1X�,ray�1diffraction �1(XRD)�1pattern�1of�1the�1

TiO2�1wedged�1surface�1nanopore�1electrode.�1

The�1crystal�1phase�1of�1the�1wedged�1surface�1TiO2�1nanopore�1electrode�1is�1shown�1in�1Figure�13c.�1The�1
sample�1has�1a�1high �1degree�1of�1crystallization, �1as�1shown�1by�1the�1highly �1intense�1and�1sharp�1peaks.�1The�1
peak�1at�125.34°�1corresponds�1to�1(101)�1of�1the�1anatase�1phase�1(JCPDS�1card�1No.�1731764).�1The�1anatase�1phase�1
TiO2�1has�1a�1higher �1photocatalytic �1activity �1than�1the�1rutile �1phase�1TiO2�1[29].�1The�1peaks�1at�139.36°�1and�140.34°�1
show�1the�1elemental�1Ti�1that�1is�1from �1the�1substrate�1of�1the�1Ti�1rotating �1disk.�1Figure�14a�1compares�1the�1

Figure 3. The characterization of the anode. (a) SEM pattern of the wedged surface TiO2 nanopore
electrode. (b) SEM pattern of the TiO2 nanoplanar electrode. (c) X-ray diffraction (XRD) pattern of the
TiO2 wedged surface nanopore electrode.

The crystal phase of the wedged surface TiO2 nanopore electrode is shown in Figure 3c. The
sample has a high degree of crystallization, as shown by the highly intense and sharp peaks. The
peak at 25.34� corresponds to (101) of the anatase phase (JCPDS card No. 731764). The anatase phase
TiO2 has a higher photocatalytic activity than the rutile phase TiO2 [29]. The peaks at 39.36� and
40.34� show the elemental Ti that is from the substrate of the Ti rotating disk. Figure 4a compares the
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photocurrent responses of the wedged surface TiO2 nanopore (W-nanopore) anode, wedged surface
TiO2 nanoplanar (W-nanoplanar) anode and traditional TiO2 nanoplanar (T-nanoplanar) anode by
linear sweep voltammetry in 50 mg/L RhB solution. The photoanodeis under the illumination of
UV light (11 W), and the applied potential is set in the range from ´0.2 to +2.0 V vs. SCE. The
W-nanopore anode has a significantly larger photocurrent response than the W-nanoplanar anode or
T-nanoplanar anode. At an applied potential of 1.5 V vs. SCE, the photocurrent of the W-nanopore
anode is approximately 6 times higher than that of the T-nanoplanar anode. Even compared to the
W-nanoplanar anode, the W-nanopore anode has 1.8 times the photocurrent response. The observed
dark current for all samples are found to be negligible. This shows that in the same condition of
incident light, the W-nanopore anode possesses excellent performance of enhancing the incident light
utilization efficiency and diminishing the recombination of electron-hole pairs. When these three
types of anode are separately used in RPFCs, different photocurrents are output due to their different
incident light utilization efficiencies. Figure 4b shows the photocurrent results of these anodes in the
actual operation process. The W-nanopore anode exhibits better performance of photocurrent output
than the W-nanoplanar anode or T-nanoplanar anode.
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Figure 4. The incident light utilization performance of different anodes. (a) Photocurrent response vs.
applied potential (vs. Ag/AgCl) for the W-nanopore, W-nanoplanar and T-nanoplanar anodes. (b) The
photocurrent of the RPFC system with different anodes.

2.3. Degradation Performance of the RPFC System

The degradation performance of the newly designed RPFC is quantitatively investigated by the
comparison with traditional systems. The color removal of the RhB simulated wastewater is shown in
Figure 5. When using a W-nanoplanar or T-nanoplanar electrode in the RPFC, the color of the RhB can
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be efficiently removed, as shown in Figure 5a. However, the W-nanopore anode shows much higher
degradation efficiencies in the anodic half cell. An interesting observation is that the cathodic half cell
shows a higher degradation performance even with the same graphite cathode, indicating an enhanced
surface reaction in the cathodic half cell. There are two reasons for this cathodic enhancement. First,
it is due to the enhanced electron transfer from the anode when using the W-nanopore. Because the
W-nanopore anode has a higher incident light utilization efficiency and stronger electron-hole pair
rapid recombination inhibition ability, it should also have a better external electron transfer. Second,
it is due to the novel reaction of electrons in the cathodic half cell, which is proved to be the oxygen
reduction to hydrogen peroxide. The benefit of the possible cathodic reaction is further investigated by
using the Hb-graphite electrode, graphite electrode, and Cu electrode. The W-nanopore electrode is
used as the anode during these comparative tests, and the results are shown in Figure 5b. The results
show that the Hb-graphite cathode has a much better degradation performance of RhB than either
the graphite or Cu cathode, which is supposed to be caused by the reaction of the in situ generated
H2O2 on the surface of the Hb-graphite cathode, resulting in an accelerated generation of ¨OH. On the
surface of the pure graphite electrode, a 4-electron reaction produced H2O, reducing the generation of
H2O2 [10]. The generated Cu2+ will react with electrons and retard the degradation efficiency of the
target pollutants [30].
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Figure 5. The color removal efficiencies of RPFC system. (a) Comparison of the degradation
performance with different anodes; (b) Comparison of the degradation performance with different
cathodes. (CRhB = 50 mg¨L´1, 2.0 g¨L´1 Na2SO4, pH 2.50). Error bars show the deviation of the data
collected with triplicate experiments.


