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Photocatalytic fuel cell (PFC) holds great potential for the sustainable production of electricity and degra-
dation of organic pollutants for solving global energy and environmental problems. However, the efficient
photodegradation of organic dyes and antibiotic drugs, such as ciprofloxacin (CIP) and methylene blue
(MB), remains challenging. Aiming at improving the separation efficiency of hole and electron for elec-
tricity generation in the PFC system, TiO,-NPs@NF-x photoanode was fabricated by a cost-effective and
Keywords: laborsaving hydrothermal approach. The as-fabricated photoanode demonstrated abundant active sites,
Photocatalytic fuel cell enhanced light harvesting capacity and photogenerated charge carrier separation. At a CIP-HCI concen-
TiO, tration of 10mg/L and pH value of about 7, 85% of CIP-HCl can be efficiently removed after 3h irra-
Ni foam diation by 300W Xe lamp. TiO,-NPs@NF-20 photoelectrode based PFC system exhibited an impressed
Electricity production ability to simultaneously degrade ciprofloxacin and generate electricity under light irradiation with an
Antibiotic wastewater treatment L s . . . 5

open circuit voltage of 1.021V, short circuit current density and maximum power density of 2.4 mA/cm?,
0.357 mW/cm?, respectively. This work provided a cost-effective method for the treatment of organic

waste and generation of electrical power.
© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Currently, worldwide freshwater crisis is one of the most se-
rious social problems. Recycling and reusing urban wastewater
have been developed as a sustainable approach to meet the in-
creasing demand for fresh and safe water source. Since the rapid
population growth, industrialization and urbanization over the
last half century, massive organic pollutants were continually dis-
charged into surface water and groundwater [1]. However, conven-
tional wastewater treatment processes are not designed to degrade
and/or remove organic pollutants, such as organic dyes and antibi-
otics. Recently, antibiotics are extensively detected in urban ecosys-
tems due to the huge consumption and excretion from human
and animal waste (e.g., urine and feces). Although the antibiotic
residues are found at a low concentration in aquatic ecosystems, it
can be bioaccumulated through the food chains due to their resis-
tant to biodegradation by microorganisms, which became a serious

* Corresponding authors.
E-mail addresses: y.zhang@bnu.edu.cn (Y. Zhang), changzhwang@163.com (C.
Wang), qwchem@gmail.com (Q. Wang).

https://doi.org/10.1016/j.cclet.2022.04.015

threat to public health. Unfortunately, the misuse and/or overuse
of antibiotics led to antibiotic resistance in common bacteria [2].
Therefore, it is crucial to develop a cost-effective approach to elim-
inate antibiotic in urban wastewater. As a broad-spectrum fluoro-
quinolone antibiotic, ciprofloxacin (CIP) is extensively used in the
therapy of urinary and respiratory tract infections [3,4]. However,
CIP cannot be completely metabolized and absorbed by human or
animal while more than 75% of the residues is found to be mainly
excreted through the feces and urine, and eventually discarded into
municipal sewage [5]. CIP has been identified as one of the major
pharmaceutical contaminants in the water cycle [6] and listed as a
key priority pollutant by European Union [7]. Due to their persis-
tence, they tend to bioaccumulate along the food chain and affect
ecosystem functions [8]. The negative effects of CIP on organisms
include antibiotic resistance in microorganisms, especially in En-
terococci and Escherichia coli, which can mutate and even develop
resistance [9]. Furthermore, CIP is also known to bioaccumulate,
which is found to be one of the most frequently detected antibi-
otics in fish muscle tissue from the Haihe River in China [10].
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Traditional wastewater treatment technologies, such as biologi-
cal degradation and physical adsorption methods, cannot achieve
the efficient degradation of domestic and hospital effluents. Re-
cently, microbial fuel cell (MFC) is employed to degrade various
organic matter while simultaneously generating electricity [11-13].
In order to further promote the application of MFC, there is an ur-
gent need to enlarge specific surface area of photoanode, improve
biocompatibility and corrosion resistance as well as simplify the
synthetic procedures and decrease the cost [14-16]. The advanced
oxidation technology for the treatment of industrial wastewater
become an important approach for organic pollutant treatment
due to a significant removal effect of high concentration of or-
ganic pollutant [17-19]. In particular, photocatalysis process as a
high-performance advanced oxidation process can degrade com-
plex organic pollutants in wastewater in a relatively inexpensive
and environmental-friendly manner. Theoretically speaking, water
is the reaction product which does not generate any pollutant. Fur-
thermore, photocatalytic fuel cell (PFC) can be developed as a sus-
tainable technology for simultaneously achieving the removal of
organic pollutants and generating electricity. Through the recov-
ery of the chemical energy contained in organic pollutants, PFC is
considered a green technology to convert organic wastes into elec-
tric energy, providing a potential solution to solve the environmen-
tal problem and energy crisis. Under light irradiation, the photo-
generated holes can react with H,O to produce hydroxyl radicals
(*OH) on the photoanode while the photogenerated electrons react
with O, to generate superoxide radicals (*O,~) at the cathode. The
photogenerated holes are then consumed to degrade organic pollu-
tants, such as antibiotics and dyes [20-22]. Nevertheless, previous
studies revealed that the further development of PFCs is currently
limited by their low performance due to the complexity of the fab-
rication and the poor separation and/or utilization of photogener-
ated electron-hole pairs [23]. Therefore, it is urgent to reduce the
manufacturing cost and improve the utilization of photogenerated
carriers in the PFC [24-27].

Among the existing photocatalytic materials, titanium dioxide
(TiO,) receives increasing attention because of its high chemi-
cal stability, low cost, non-toxicity and high photocatalytic activ-
ity [28,29]. However, pristine TiO, can only absorb ultraviolet (UV)
light and thus have low utilization of sunlight. Additionally, the
rapid recombination of photogenerated electron-hole pairs leads
to a dramatical decrease in photodegradation efficiency, which is
still a serious barrier that limits their photocatalytic performance
[30]. Therefore, numerous efforts have been devoted to develop
innovative strategies to enhance the photocatalytic performance
of TiO,. Recently, it has been reported that 3D layered TiO, self-
assembled from 1D nanostructures possessed outstanding photo-
catalytic activity since the 1D nanostructures could effectively ac-
celerate the transfer rate of electrons and suppress the recom-
bination of electron-hole pairs, meanwhile, 3D hierarchical struc-
tures could enlarge the surface area and enhance the light har-
vesting capability of TiO, [31]. For example, Zhou et al. synthe-
sized a 3D sea-urchin-like hierarchical TiO, microsphere structure
with remarkable photocatalytic activity [32]; Sadhu et al. success-
fully prepared 3D rutile TiO, microspheres composed of 1D nanos-
tructures with enhanced photoelectrochemical and photocatalytic
properties in Rhodamine B degradation [33]. Towards promoting
photocatalytic degradation efficiency, a significant increase in the
specific surface area was considered one of the most effective
ways providing more active sites. According to previous reports,
TiO, powder-based catalysts were deposited on conductive trans-
parent substrates through coating and/or depositing process, such
as fluorine-doped tin oxide (FTO) or indium tin oxide (ITO) coated
glass. However, the obvious shortcomings of this commonly used
approach are that the poor mechanical stability and high internal
resistance between the catalyst and conductive substrate. Further-
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more, Ni foam with interlinked cellular structure, relatively high
surface area and mechanical stability can be considered a highly
promising conductive substrate for the design of binder-free pho-
toanode [34].

TiO, nanoparticles were facilely fabricated on porous Ni foam
as well, denoting as TiO,-NPs@NF (more details can be found in
Supporting information). The preparation flowchart was shown in
Fig. S1 (Supporting information). An in situ growth method was
used to grow TiO, onto Ni foam, which can effectively suppress the
compounding of photogenerated electron-hole pairs. Avoid using
adhesive to coat the FTO or other conductive electrodes, which will
bring problems such as high internal resistance and adhesive shed-
ding affecting water quality. The as-prepared samples were abbre-
viated as TiO,-NPs@NF-x, where x denotes the adding amount of
tetrabutyl titanate (e.g., 10/20/30mL). To further verify the influ-
ence of Ni foam on the material properties, the same synthetic
method was conducted to fabricate TiO, nanoparticles on FTO
(namely, TiO,-NPs@FTO-20). The performance of these two pho-
toanodes with different substrate were compared to evaluate the
impact of substrate and promote the further development of PFC.

To investigate the crystal structure and composition, the as-
synthesized TiO,@NF-x samples were systemically examined by
X-ray diffraction patterns (XRD) and X-ray photoelectron spec-
troscopy (XPS) respectively. Fig. 1a and Fig. S2 (Supporting in-
formation) exhibited the X-ray diffraction (XRD) spectra of TiO,-
NPs@NF-x (x=10, 20 and 30) and TiO,-NPs@FTO-20, confirming
the successful loading of TiO, nanoparticles on porous Ni foam
and FTO. The characteristic diffraction peaks can be identified
at 260 =43.8° corresponding to (111) planes of rutile-phase TiO,.
The characteristic diffraction peaks of anatase-phase TiO, can be
clearly identified in the all as-fabricated samples, which can be
identified at 20 =25.3°, 37.4° and 62.9°, corresponding to (101),
(004) and (204) planes of TiO, (JCPDS No. 21-1272) [35]. It can
be concluded that anatase was the dominant phase in both TiO,-
NPs@NF-x (x=10/20/30) and TiO,-NPs@FTO-20 samples. As shown
in Fig. 1a, the sharp diffraction peaks indicated that TiO, was well
crystallize. Besides, the peaks at 44.6°, 51.9° and 76.4° were as-
cribed to the Ni foam substrate [36]. To further study the compo-
sition and valence states of TiO,-NPs@NF-x, XPS spectra of all as-
obtained samples were shown in Figs.1b-e and Fig. S3 (Supporting
information). In fact, the XPS full scan of TiO,-NPs@NF-20 exhib-
ited characteristic signals of Ni Ti, O in all samples and no other
impurity peaks were observed. The characteristic signals at bind-
ing energy of 855.48 and 872.89eV was assigned to Ni 2p;, and
Ni 2pyj, orbital due the deposition of anatase TiO, nanoparticles
on porous Ni foam substrate (Fig. 1c) [37]. As shown in Fig. 1d,
the Ti 2p spectrum of TiO,-NPs@NF-20 can be deconvoluted into
two peaks at 458.65eV for Ti 2p3;, and 464.37eV for Ti 2pqp,
respectively, corresponding to the lattice Ti-O bond in TiO, [38].
Moreover, the XPS spectrum of O 1s can be deconvoluted into two
characteristic peaks at 529.98 and 531.75eV (Fig. 1e), correspond-
ing to the Ti-O-Ti bonds (lattice O) and surface hydroxyl groups,
respectively [39]. It should be noted that no peaks of nickel oxide
were detected in all samples, confirming that the in situ growth
of TiO, nanoparticles on the backbone of porous Ni foam. As pre-
sented in Fig. 1f, the UV-visible diffuse reflectance spectra (DRS)
of TiO,-NPs@FTO-20 and TiO,-NPs@NF-x (x =10, 20 and 30) were
compared. It can be observed that the bandgap absorption on-
set was partially extended into the visible light region for TiO,-
NPs@FTO-20 and all TiO,-NPs@NF-x samples. Among them, TiO,-
NPs@NF-20 demonstrated the strongest absorption in the range of
400-600 nm. According to previous reports, the optical bandgap of
all photocatalysts was calculated based on the following Eq. 1 [40]:

ahy =A(hy —Ep)" (1)
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Fig. 1. (a) XRD patterns of Ni foam and TiO,-NPs@NF-20. (b) XPS spectrum of the TiO,-NPs@NF-20 composite. The high resolution XPS spectra for (c) Ni 2p, (d) Ti 2p
and (e) O 1s, respectively. (f) UV-vis diffuse reflectance spectra and corresponding Kubelka-Munk plots (inset) of TiO,-NPs@FTO-20, TiO,-NPs@NF-10, TiO,-NPs@NF-20 and

TiO,-NPs@NF-30 samples.

where « is the absorption coefficient, h is Planck’s constant
(4136 x 10-1> eV s), y is the light frequency (s=1), A is an ab-
sorption constant, Eg is the band gap, n is assumed to be 1/2 and
2 for direct and indirect transitions, respectively [41]. As demon-
strated in Fig. 1f, the Tauc plots indicated that the Eg value of
TiO,-NPs@NF-20 was calculated to be 2.9eV. The Eg value of TiO,-
NPs@FTO-20 were calculated to be about 3.2eV. In principle, the
interlinked cellular structure of Ni foam can provide more sites for
the growth of TiO, nanoparticles, which in turn improves light uti-
lization.

The morphological characterization of TiO,-NPs@NF-20 was
presented in Fig. 2 and Fig. S4 (Supporting information). It can
be clearly identified that TiO, NPs were grown uniformly on the
porous Ni foam substrate in the precursors with 20mL of tetra-
butyl titanate. TiO,-NPs@NF-20 inherited the ordered structural
features of 3D materials, which facilitates photocarrier migration
[42]. SEM images of as-fabricated photoanodes with higher mag-
nifications were shown in Fig. S5 (Supporting information). The
surface morphology of as-synthesized samples was found to vary

Fig. 2. (a, b) SEM images of TiO,-NPs@NF-20 composite, (c, d) TEM images of TiO,-
NPs@NF-20 composite.

considerably. Compared to the smoother and granulated surface of
TiO,-NPs@NF-20 (Fig. S5b), TiO,-NPs@NF-10 (Fig. S5a) composites
exhibit a delaminated and significantly roughened surface while
spherical particles can be observed in TiO,-NPs@NF-30 sample
(Fig. S5c¢). As shown in Fig. S6 (Supporting information), EDX char-
acterization further confirmed that the chemical composition of Ti,
0 and Ni in the TiO,-NPs@NF-20 electrode, respectively. As shown
in Figs. 2c and d, TEM characterization exhibited that TiO, NPs
with average particle size about 20 nm were prepared.
Furthermore, transient photocurrent response and electrochem-
ical impedance (EIS) measurements were conducted to evaluate
photogenerated charge carrier separation efficiency and interfa-
cial charge-transfer resistance, respectively. Fig. 3a demonstrated
the typical photocurrent response of TiO,-NPs@NF-x and TiO,-
NPs@FTO-20 with light on-off cycles. The photocurrent intensity
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Fig. 3. (a) Transient photocurrent responses, (b) Nyquist plots of TiO,-NPs@FTO-
20, TiO,-NPs@NF-10, TiO,-NPs@NF-20 and TiO,-NPs@NF-30 photoanodes. (c) Open
circuit voltage, (d) J-V characteristic and power density of different photoanodes.
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of TiO,-NPs@NF-20 foam was much higher than the other sam-
ples, indicating a higher charge separation and migration effi-
ciency and lower recombination probability of electron-hole pairs
[43]. This may be due to the superior electrical conductivity of Ni
foam. In addition, the photocurrent intensity was not suppressed
with the prolongation of the reaction time, indicating that TiO,-
NPs@NF-x and TiO,-NPs@FTO-20 can also facilitate a stable photo-
electric activity. As shown in Fig. 3b, the EIS measurements were
performed to explore their charge transfer property. The Nyquist
plots confirmed that TiO,-NPs@NF-20 processed a lower charge
transfer resistance, indicating its fast interfacial charge transfer
performance [44]. In order to evaluate their photoelectric per-
formance, the as-fabricated PFC with the photoanode of TiO,-
NPs@NF-x and TiO,-NPs@FTO-20 was tested in CIP-HCl. As pre-
sented in Figs. 3¢ and d, TiO,-NPs@NF-20 exhibited the best per-
formance with an open circuit voltage of 1.021V and short cir-
cuit current density of 2.4mA/cm? and maximum output power
density of 0.357mW/cm?, respectively. It should be highlighted
that TiO,-NPs@NF-20 photoanode achieved the highest electricity
production efficiency (Table S1 in Supporting information) among
all PFC system due to the formation of highly ordered nanoparti-
cles network which was assembled by consecutive deposition on
highly conductive and porous Ni foam substrate. In the PFC sys-
tem, TiO,-NPs@NF-x photoanode served as a pivotal role to gen-
erate electron-hole pairs by photoexcitation to promote electrical
energy output.

The photocatalytic degradation performance of different TiO,-
NPs@NF-x and TiO,-NPs@FTO-20 was assessed by using CIP-HCI as
the target pollutant in a short period of time, TiO,-NPs@FTO-20
and TiO,-NPs@NF-x as the photoanode and Pt as the cathode to
form a PFC system. As shown in Fig. 4a, the antibiotic degrada-
tion efficiencies were investigated for TiO,-NPs@FTO-20 and TiO,-
NPs@NF-x samples after 3h light illumination. It can be con-
cluded that CIP-HCI cannot be degraded under light irradiation.
The TiO,-NPs@FT0-20 can degrade 50% of CIP-HCl. The degrada-
tion efficiency of TiO,-NPs@NF-20 photoanode (85%) was higher
than other TiO,-NPs@NF-x (x=10/30). The kinetic rates for the
degradation of CIP-HCI was shown in Fig. S7a (Supporting infor-
mation), which are in accordance with pseudo-first-order kinetic
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Fig. 4. (a) Plot of C/Cy versus time for degradation of CIP-HCI during the photocat-
alytic processes. (b) Degradation of CIP-HCl in photocatalysis with TiO,-NPs@NF-20
alone, and contrast that with BQ, AO and IPA adding in the system. ESR spectra of
TiO,-NPs@NF-20 in aqueous solution before and after light irradiation: (c) DMPO-
*0,~ and (d) DMPO-"OH.
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equation. Fig. S7b (Supporting information) demonstrated the ab-
sorbance spectra of photocatalytic degradation of CIP under Xe
lamp irradiation as a function of reaction time. Combined with the
results of the photovoltaic performance test, it can be concluded
that the optimal amount of tetrabutyl titanate is 20 mL, and TiO,
can be uniformly grown on Ni foam. To investigate whether the as-
fabricated photocathode can further degrade CIP-HCI over a longer
period of time, we conducted photocatalytic experiment with 6h
by using TiO,-NPs@NF-20 as photoanode, and 95% of CIP was re-
moved after 6h (Fig. S7c in Supporting information). However, the
degradation of CIP-HCI was found to be insufficient at less than
3 h. Therefore, the subsequent experiments were carried out for 3 h
as the experimental period. The Ni foam was employed to provide
more active sites for the growth of TiO, nanoparticles, and improve
the utilization of light. Using Ni foam as photoanode substrate can
effectively promote the generation and separation of photogener-
ated electron-hole pairs and enhance the PFC performance. With
a large short-circuit current and high oxidation ability, PFC could
offer a great potential for pollutants elimination and simultaneous
electricity generation with high efficiency.

Influences of initial CIP-HCl concentration and solution pH on
photocatalytic performance were tested to optimize the PFC per-
formance. In order to optimize the photoanode performance, we
explored the efficiency of TiO,-NPs@NF-20 foam in degrading CIP-
HCl at different pH condition. CIP-HCI solution was generally neu-
tral and pH is generally 6.9. In this work, pH 3 and 11 was chosen
as the acid and alkaline conditions to investigate the optimal per-
formance conditions for the PFC system. As depicted in Figs. S8a
and b (Supporting information), the removal of CIP-HCI at initial
pH 3,7,11 was found to be 35%, 85%, and 63%, respectively. CIP-HCI
can be efficiently removed under neutral conditions, which would
be suitable for most practical wastewater. The highest degrada-
tion rates were observed for zwitterionic form of CIP [45]. The re-
moval efficiency of CIP was found to be quite low under acidic and
alkaline conditions mainly due to the decreased electrostatic in-
teraction between the photocatalyst and the contaminant. Under
acidic conditions, ciprofloxacin exhibited positive surface charges
[46] while TiO, were found to be positive as well. Under alkaline
conditions, ciprofloxacin showed surface charges [46] but TiO, also
carried negative surface charges. Therefore, the electrostatic repul-
sion existed between them, which lower the removal efficiency of
ciprofloxacin. However, under neutral conditions, the electrostatic
interaction between TiO, NPs and ciprofloxacin facilitate the re-
moval of ciprofloxacin.

Figs. S8c and d (Supporting information) presented the influ-
ence of initial CIP-HCI concentration on the photocatalytic perfor-
mance using CIP-HCl under neutral conditions. The experimental
results indicated that the reactions were consistent with the first-
order kinetic mode. It should be noted that the photocatalytic per-
formance was found to be worse when further increasing the CIP-
HCI concentrations above 30 mg/L. It can be ascribed to the insuffi-
cient active sites available on TiO,-NPs@NF-20 photoanode for CIP-
HCl degradation at very high concentrations. In fact, the adsorption
of the CIP on the TiO,-NPs@NF-20 surface might be then halted
[47]. When the concentration of CIP-HCI was relatively small, there
was no significant difference in the removal rate, indicating the ef-
ficient removal of trace organic pollutants in water.

The sustainability of photoanode was one of the key factors
limiting the practical applications of PFC. The recyclability of the
PFC system was investigated by continuous treatment of the solu-
tion containing 1, 10, 30 mg/L of CIP-HCl under optimized condi-
tions. Fig. S9 (Supporting information) showed the removal of CIP-
HCI by the established PFC system for 5 cycles. With increasing of
the numbers of runs, TiO,-NPs@NF-20 photoanode remained rela-
tively stable after durability test. The CIP-HCI removal rate did not
decrease significantly, the mass loss rate of the photoanode was
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about 5% (Table S2 in Supporting information), confirming the high
stability and recyclability of the as-fabricated PFC system for long-
time applications. It can be concluded that the developed PFC sys-
tem not only had high photoelectric activity, but also showed good
stability. The slow decay in the treatment performance of the pro-
posed PFC system might be due to the adsorption of some inter-
mediates on the photoanode surface, which slightly prevented the
direct transfer of photogenerated charges from the photocatalyst to
the substrate [48,49].

At the optimum 10 mg/L initial CIP-HCI concentration and so-
lution pH of 7, the roles of four different quenchers, namely p-
benzoquinone (BQ) for superoxide ion (*O,~), ammonium oxalate
(AO) for photogenerated holes (h*), and isopropanol (IPA) for hy-
droxyl radical (*OH) were investigated according to previously re-
ported methods [50,51]. As shown in Fig. 4b, the CIP-HCI removal
efficiency in the PFC achieved at 85% without any quenchers. When
the 1 mmol/L BQ were added, the CIP-HCI removal was found to
be strongly suppressed to 42%. However, the addition of AO and
IPA had less effect on the CIP-HCI removal (62.6% and 73%, respec-
tively). Thus, the degradation efficiency of the active species could
be given in the following order: ‘O,~ > h™ > *OH. To further inves-
tigate on the aforementioned radicals, ESR technique was also em-
ployed with DMPO as a spin trap and the results are disclosed in
the inset of Figs. 4c and d. Generally, no signals could be observed
for both ‘OH and *0,~ under dark condition. It can be seen that
the 4-fold characteristic peak with an intensity ratio of 1:1:1:1 for
DMPO-"0,~ was observed in the PFC system [52]. In addition, the
characteristic signals with 1:2:2:1 was identified as the DMPO-'OH
signal peak [53]. With the increase of the light time, the peak was
getting larger and larger, indicating the ability of TiO,-NPs@NF-20
to generate *0,~ and 'OH radicals under light irradiation. These re-
sults were in accordance with the outcomes of radical trapping ex-
periments. The mechanism of this PFC system (Fig. S10 in Support-
ing information) to degraded the CIP-HCI and simultaneous power
generation can be speculated as under irradiation, TiO,-NPs@NF-
20 (band gap energy 2.9eV) can absorb light efficiently under the
light illumination, and the ordered growth of TiO, generates more
photogenerated carriers and electrons (e~) will be excited at the
conduction band (CB). Due to the excellent electrical conductiv-
ity of Ni foam, electrons tended to transfer to the Pt electrode
through Ni foam, and the electrical generation performance was
more outstanding. The electrons reacted with oxygen at the cath-
ode to generate superoxide ions. The remaining parts were holes
(h™) with strong oxidation ability at the valance band (VB). The
photo-generated holes reacted with water and OH~ to form "OH.
Both holes and *OH were oxidizing, and these reactive groups were
involved in the CIP-HCI degradation process. The outstanding elec-
trical conductivity of Ni foam increased the rate of electron trans-
fer, which generated more *0,~ and leads to "O,~ as the main re-
active species.

In conclusion, TiO,-NPs@NF-20 with interlinked cellular struc-
ture was synthesized by a cost-efficient hydrothermal method
and developed as photoanode for enhanced organic pollutants
degradation and electricity generation. In comparison with TiO,-
NPs@FTO-20 and other TiO,-NPs@NF-x (x=10/30) photoanode,
TiO,-NPs@NF-20 demonstrated excellent electrical conductivity, fa-
cilitating the separation of photogenerated carriers and acceler-
ating their degradation rate. In this work, a degradation abil-
ity for CIP-HCI with a removal efficiency of 85% was achieved
with short-circuit current density and maximum power density
of 2.4mA/cm?, 0.357 mW/cm?, respectively. Compared to previous
reports (Table S3 in Supporting information), the PFC with TiO,-
NPs@NF-20 as photoanode and Pt as cathode shows high perfor-
mance of organics to electricity under light irradiation. Moreover,
the good electrical conductivity of Ni foam can considerably en-
large the surface area and promote the transport of photogenerated
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carriers, which played an essential in boosting the photocatalytic
activity of TiO, nanoparticles. After 5 cycles, the removal rate of
CIP-HCI was still found to be 85%, indicating the TiO, nanoparticles
decorated Ni foam as a robust photoanode of PFC system was suit-
able to develop as a platform for simultaneous energy generation
and wastewater treatment. This type of PFC also demonstrated ex-
cellent removal rates for other organic dyes (Fig. S11 in Supporting
information). In the future, several reactor units will be designed
in series to circulate the wastewater, aiming at creating a highly-
efficient and stable small PFC unit and laying a good foundation
for the wide application of PFC in wastewater remediation.
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