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Photocatalysis is a recognized green and efficient method for treating organic pollutants in water, yet it faces
challenges such as catalyst agglomeration, broad band gaps, and high carrier recombination rates. Biochar, a
carbon-rich material with extensive surface functional groups and a porous structure, has been utilized to address
these limitations. Its semiconductive and conductive properties significantly enhance photocatalytic performance.
Despite the progress in the field of biochar-based photocatalysts, several challenges remain. This review focused
on the degradation of organic substances in water using biochar-based photocatalysts. It explored the
mechanisms through which biochar improved photocatalytic activity and identified existing gaps in the research
of biochar-based materials. The insights aimed to inform and guide further applications and studies in this
promising area.
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Introduction wide range of raw material sources, substantial

surface area, complex surface functional groups,

As urbanization progresses, a diverse array of and rich porous structure. These features have
structurally complex organic compounds has continually unveiled its functional potential and
been entering water bodies, posing severe expanding applications. Biochar has shown
threats to human health and ecological safety. excellent performance in areas such as pollution
The urgent need to manage organic pollutants in remediation, carbon sequestration,
water has become apparent. Photocatalysis has photocatalytic degradation, and crop yield
attracted global attention due to its broad enhancement [2]. In the field of photocatalysis,
applicability, rapid reaction rate, mild operating many researchers investigated the inherent
conditions, and high efficiency in purification. In properties and structural advantages of biochar,
2006, the term "biochar" first appeared in Nature using it asa photocatalyst, co-catalyst, or support
[1], referring to a carbon-rich material produced for photocatalysts to degrade organic pollutants
by the thermal decomposition of organic matter in water, achieving significant results [3, 4]. The
in an oxygen-limited environment. Initially used number of publications has been increasing
as a soil amendment to enhance crop vyields, annually with researchers raising attention to
deeper research into biochar has revealed its biochar. Many investigations focused on the

88


mailto:littingltt@outlook.com

Journal of Biotech Research [ISSN: 1944-3285]

2024; 18:88-96

adsorption capabilities of biochar and its
modified materials when biochar was utilized for
pollutants decontamination in water

environment. Interestingly, the discovery of
degradation products of organic pollutants
during their adsorption by biochar has stimulated
further research into biochar's pollutant
degradation capabilities [5, 6]. Then, research
focus turned to the photocatalysis capacity of
biochar and biochar-based materials, leading to a
rising trend in the number of publications and
citations within the photocatalysis field in recent
years. Notably, the citation frequency reached a
significant number of 2,638 instances in 2023
using biochar and photo as the searching
keywords in the Web of Science, which suggested
that the use of biochar in photocatalysis has
become a new focal point of interest.

Common photocatalysts often exhibit
limitations, which include (1) catalyst
agglomeration that electrostatic interactions
between nanoparticles lead to agglomeration,
inhibiting photocatalytic activity; (2) wide
bandgap that some photocatalysts possess a
wide band gap, only activatable by ultraviolet
light, resulting in low light utilization efficiency;
(3) high carrier recombination rate. These
shortcomings restrict the practical applications of
photocatalysts. Biochar-based photocatalysts
offer potential solutions to these issues [7],
primarily because (1) biochar contains abundant
oxygen-rich  functional groups, providing
numerous binding sites for loading metal oxides,
thereby theoretically enabling effective catalyst
support; (2) biochar has a high specific surface
area and adjustable porous structure. Its strong
adsorption capacity for organic compounds
facilitates the degradation of pollutants. Biochar-
based photocatalysts can integrate the
advantages of  both  adsorption and
photocatalysis, enhancing the adsorption of
target pollutants and providing adsorption sites
for degrading intermediates; (3) biochar exhibits
semiconductive and conductive properties. Upon
loading, it can form H* ions, enhancing the
stability of photocatalysts, reducing the band
gap, and serving as an electron transfer channel
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and electron acceptor that inhibits carrier
recombination and increases the response to
visible light [7-11]; (4) biochar helps prevent the
agglomeration of photocatalysts, especially
nanoscale photocatalysts, thereby reducing
secondary pollution.

This review research integrated studies on the
degradation of pollutants, introduced various
biochar-based photocatalysts with a focus on the
principles of photocatalytic degradation of
organic substances by biochar and the
mechanisms by which biochar enhances the
photocatalytic activity of various catalysts,
summarized the shortcomings of biochar-based
photocatalysts in treating organic substances in
water, and provided prospects for future
research.

Photocatalytic properties of biochar

Historically, biochar has been widely utilized for
the adsorption treatment of pollutants.
However, adsorption alone does not eliminate
pollutants from water, rather, it transfers them
from the aqueous phase to the solid phase [12].
As a carbon-based material, biochar is endowed
with abundant resources, an adjustable porous
structure, a high surface area, and high
conductivity. Its properties as a photocatalyst
and co-catalyst are increasingly being recognized
[13].

1. Raw biochar

Raw biochar is derived from its photocatalyst-like
structure with its photocatalytic activity being
influenced by the pyrolysis temperature [5]. Mu
et al. demonstrated that biochar produced from
high-temperature carbonization and
hydrothermal carbonization of grapefruit peels
exhibited photocatalytic degradation capabilities
under visible light for Rhodamine B (RhB) with

degradation rates of 39.8% and 50.1%,
respectively, after 90 minutes [14]. The
hydrothermally produced biochar showed

enhanced photocatalytic performance due to its
greater abundance of oxygen-containing groups.
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Wu et al. found that biochar created through
high-temperature pyrolysis could degrade RhB
under UV light at a rate ten times greater than
that in dark conditions, a capability closely linked
to the graphite structure of the biochar and its
surface oxygen groups (primarily C=0) [5]. Xiao et
al. employed high-temperature pyrolysis and
ball-milling techniques to produce nano-biochar,
which contained a large number of oxygen-rich
groups (0-C=0, -OH, C-0) and carbon defects
[15]. Upon absorbing visible light, carbon defects
in biochar could act as valence bands, while
surface oxygen-containing groups served as
conduction bands. Electrons generated at carbon
defect sites transferred to the surface oxygen-
containing groups, which produced H*. The e
reacted with O;to form -0, and both -0, and H*
participated in the oxidation of enrofloxacin
(EFA) in water. Notably, biochar produced at
300°C, which had a higher content of oxygen-
containing groups (2.8 mmol/g), exhibited
greater photocatalytic activity with an EFA
degradation rate reaching 80.2%, significantly
higher than that of biochar produced at other
temperatures (33.3% at 370°C). Research by Fang
et al. demonstrated that soluble organic matter
(DOM) and oxygen-containing groups (especially
carbonyl groups) in biochar could form :OH and
102 under light excitation, further generating -0y
, H202, and other radicals, which were the main
active species in the degradation of phthalate
esters [16].

2. Biochar from hyperaccumulator plants

Using hyperaccumulator plants to remediate soil
pollution has become an effective and
economical technique for managing heavy metal
contamination in soils [17, 18]. However, the risk
of secondary pollution such as leaching of heavy
metals from hyperaccumulating plants during
post-treatment severely limits the large-scale
application of phytoremediation. Research has
been conducted on converting plants enriched
with heavy metals into biochar for pollutant
treatment. Chen et al. utilized pyrolysis and
hydrothermal carbonization to transform Sedum
alfredii, a plant that accumulates cadmium, into
CdS@C [19]. CdS@C exhibited a lower band gap
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(2.01 eV) and higher H*/e separation efficiency
than pure CdS, resulting in improved light
absorption  capacity and  photocatalytic
efficiency. Upon illumination, it generated HY,
-0y, and -OH, achieving a degradation rate of
99.8% for RhB in water after 120 minutes,
significantly surpassing the 39.9% degradation
rate of CdS alone. Cong et al. prepared CNT/ZnO
from the zinc-accumulating plant Physalis
alkekengi for the ultraviolet photocatalytic
degradation of Bisphenol A (BPA), demonstrating
a photocatalytic degradation rate of 86.5% for
BPA [20]. Wang et al. treated Sedum
sarmentosum with methanol and sulfuric acid to
produce columnar nano-ZnO with a diameter of
approximately 100 nm [21]. Photocatalytic
experiments under a 30 W xenon lamp revealed
the formation of -0, and -OH with a degradation
rate of 2-CP reaching 96.93% after 120 minutes
of illumination. The use of hyperaccumulator
plants to synthesize photocatalysts not only
addresses the recycling issues of
hyperaccumulator plants but also plays a positive
role in reducing the production costs of
photocatalysts.

3. Atomic doped biochar

By doping with heteroatoms to optimize the
electronic and band gap structures, structural
defects can be introduced, which lower the
semiconductor band gap and enhance its optical,
conductive, and luminescent properties, which
includes both metaland non-metal doping. Metal
atoms exhibit high catalytic activity and
selectivity. Embedding single metal atoms can
effectively adjust the band structure, electronic
configuration, and surface structure, thereby
influencing light response and photocatalytic
activity. Biochar itself possesses a vast specific
surface area and a rich array of functional groups,
providing numerous surface sites for single
atoms, which facilitates their integration. Dong et

al. prepared Mn@N-Biochar using an
impregnation  calcination method, which
demonstrated enhanced photocatalytic

degradation of sulfonamides in water compared
to raw biochar [22]. The enhancement was
attributed to the Mn doping, where Mn atoms
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served as active centers for photocatalysis. The
interaction between Mn's d orbitals and N's p
orbitals altered the electronic structure of the
biochar. The electron-rich Mn atoms acted as
electron pumps to transfer charge, inhibiting the
recombination of electron-hole pairs and
significantly ~ boosting the photocatalytic
capability of the biochar. Moreover, the
abundant carbon defects and the lowered free
energy barrier due to Mn modification in the
biochar structure enhanced its adsorption
capacity, light absorption capability, and electron
separation efficiency. Upon photoexcitation, a
large number of radicals (H*, Oy, -OH) were
generated, increasing the removal rate of
streptomycin from 52.44% before modification
to 87.182% after modification. Compared to
metal doping, non-metal doping with elements
such as N, S, and | also effectively enhance the
photocatalytic properties of biochar. lodine
dopinginvolves complex surface charge transfers
with a larger atomic radius than carbon and
creates new micropores and mesopores in
biochar, significantly increasing the surface area
of the photocatalyst, which benefits the
adsorption and degradation of pollutants.
Additionally, the formation of I5"and Is” ions post-
doping reduces the band gap of biochar,
facilitates the generation of photoinduced
carriers, decreases electron transfer resistance,
and enhances the photocatalytic activity for
degrading organic pollutants by over twenty
orders of magnitude [23].

Biochar-based metal photocatalysts

1. Metal oxide biochar

Metal oxide semiconductors are noted for their
excellent stability and have widespread
applications in materials, energy storage, and
catalysis. However, their wide band gaps
generally only allow the utilization of ultraviolet
light. Currently, the transition metal oxide
semiconductors being extensively studied
include TiO,, ZnO, CuO, and others. TiO,, one of
the earliest and most widely researched
photocatalysts, is favored for its non-toxicity, low
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cost, and high reactivity for degrading pollutants.
However, TiO; also exhibits typical drawbacks
such as a wide band gap, low light absorption
rate, and high carrier recombination tendency.
The rich oxygen-containing functional supports
the loading of TiO; onto biochar. Additionally, the
conductive nature of biochar plays a positive role
in establishing electron transfer channels,
improving  electron-hole  separation, and
enhancing catalytic activity. Qu et al. loaded TiO;
onto rice straw biochar and investigated its
degradation of CIP under UV light exposure [10].
The results showed that, after binding to biochar
through Ti-O, O-Ti-O, and Ti-O-C bonds, the
catalyst exhibited good degradation
performance within a wide pH range of 5 - 9 with
an optimal degradation rate reaching 83.8%. Lu
et al. found that the -OH, -COOH, and -CO
oxygen-containing functional groups in rice husk
biochar not only facilitated the adsorption of
organic substances but also eased the loading of
TiO, [24]. Furthermore, these groups acted as
charge traps, significantly enhancing the charge
transfer capabilities of TiO,. Photocatalytic
degradation experiments demonstrated that the
loading of TiO, onto biochar significantly
enhanced its utilization of visible light and
stability. After five cycles, the removal capacity
for methyl orange still reached 75.28 mg/g. Jiang
et al. confirmed the presence of numerous Ti-O
and Ti-C bonds in corn straw biochar-TiO>

through characterizations such as Fourier
transform infrared spectroscopy (FTIR), X-ray
photoelectron microscopy (XPS),
photoluminescence spectroscopy (PL), and

electrochemical impedance spectra (EIS) [25].
The band gap of the loaded TiO, significantly
decreased from 3.40 eV to 2.44 - 2.87 eV. A
reduction in PL intensity and a decrease in the
radius of the EIS spectrum indicated that biochar

loading adjusted TiO, band gap, enhanced
electron migration speed, inhibited
photogenerated electrons and holes, and

increased catalytic activity with an optimal
degradation rate for methyl orange of 85.7%.
ZnO is non-toxic, environmentally friendly, and
possesses a high reduction potential at the
conduction band edge and a high oxidation
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potential at the valence band edge, which
contribute to its high photocatalytic activity.
However, its band gap of approximately 3.37 eV
and absorption edge around 370 nm resultin low
solar energy utilization, and it exhibits poor
stability in acidic and alkaline solutions,
presenting significant limitations. The loading of
ZnO onto biochar improves its light utilization
and photocatalytic activity. Han et al. utilized a
chemical precipitation method to load ZnO onto
the surface and into the pore structure of
hydrothermally produced biochar, resulting in
the formation of biochar/ZnO [26]. This catalyst
contained a large number of Zn-O and C-O-Zn
bonds, indicating successful loading of ZnO onto
biochar. Under the synergistic effects of biochar
adsorption and ZnO catalysis, the degradation
rate for methylene blue (MB) reached 98.2%, and
even after four cycles, the degradation rate
remained at 82.0%, demonstrating high stability.
He et al. found that the addition of biochar
significantly  altered the structure and
morphology of ZnO [27]. The composite featured
numerous Zn-0O-C bonds with ZnO presenting as
hexagonal wurtzite phase and preferentially
growing along the ZnO (002) diffraction peak. The
morphology changed from the irregular cluster-
like structure of pure ZnO to a more regular
flower-like structure. The absorption edge
shifted from the ultraviolet region at 396 nm to
the visible light region at 407 nm, and the band
gap decreased from 3.19 eV to 3.13 eV. These
changes significantly enhanced the composite's
adsorption and photocatalytic capabilities
toward MB with the degradation rate increasing
from 72.05% to 98.71%. CuO and Cu0 particles
are non-toxic, simple to produce, abundant in
resources, cost-effective, and stable, which are
their main advantages. They are extensively used
across various fields. Unlike ZnO, they are narrow
band gap p-type semiconductors with band gaps
approximately ranging from 1.2 eV to 1.9 eV for
CuO and from 1.8 eV to 2.17 eV for Cu,0, which
allows for a wide range of light absorption.
However, they also face issues with the
separation of photogenerated electron-hole
pairs and aggregation. The conductive nature of
biochar can accelerate electron transfer and
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effectively inhibit aggregation, addressing the
shortcomings of CuO and Cu;0. The EISarcradius
of biochar-modified Cu,0 is significantly smaller
than that of Cu,O alone, and the transient
photocurrent is  considerably  enhanced,
indicating that the loading of biochar effectively
delays [28]. Zheng's study also indicated that the
abundant oxygen vacancies/hydroxyl groups on
biochar could bond with Cu,0, which resulted in
the Cu;0-loaded composite and improved visible
light absorption properties. Under visible light
irradiation, the generation of superoxide radicals
(-O2) from Cu,0/biochar was significantly higher
than from Cu,0 alone, resulting in a noticeable
enhancement in both the degradation rate and
efficiency of dyes such as methylene blue when
supported on biochar. Due to differing valence
and conduction band positions of CuO and Cu;0,
the formation of a Cu,O-CuO heterojunction
facilitated the transfer of electrons from the
conduction band of Cu,0 to that of CuO, while
holes migrated from the valence band of CuO to
that of Cu,0. This heterostructure further
improved the separation efficiency of the charge
carriers. However, the transfer rate of
photogenerated electrons of Cu,O0-CuO to the
solution was slow, and the photocurrent density
of Cu,0-CuO was relatively limited. Biochar could
capture electrons to accelerate the separation of
electron-hole  pairs. Using  hydrothermal
synthesis, Cu,0-CuO was supported on biochar to
produce Cu,0-CuO@biochar. This composite
exhibited a pseudo-first-order rate constant (kapp)
of 2.1 x10?/min, which was 3.5 times higher than
that of Cu,0-CuO alone, significantly enhancing
the photocatalytic efficiency [29].

2. Metal sulfide biochar photocatalysts

Semiconductor metal sulfide photocatalysts have
garnered significant to their light absorption
properties in the visible spectrum, high specific
surface area (SSA), and abundant. Tin SnS;is an
n-type semiconductor and part of the two-
dimensional, layered metal dichalcogenide
family. Due to its strong anisotropic optical
properties, it has recently garnered widespread
attention. Gadore et al. found that, when SnS,
was combined with biochar, the photocatalytic
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activity was significantly enhanced although
optimizing the biochar load was crucial for
achieving the best catalytic performance of
SnS,/biochar [30]. Compared to SnS,/biochar
composited with 8% and 12% biochar, the
addition of 10% biochar showed the most
notableimprovementin lightabsorption capacity
and  photogenerated carrier  separation
efficiency. Furthermore, the authors investigated
the degradation of amoxicillin and Congo red in
lake water, tap water, mineral water, and
distilled water using SnS,/biochar, discovering
that the degradation was most effective in
distilled water. They also examined the impact of
common anions, cations, and organic substances
on the degradation process. The results indicated
that, aside from a slight promotion of
degradation by Fe?*, other ions (Na*, Ca%*, AI**, CI
, F, COs%, SO4%) and HA generally inhibited the
degradation to varying degrees. This inhibition
was attributed to these ions and organic matter
competing with target pollutants for adsorption
sites and free radicals. Meanwhile, the presence
of Fe?* in water promoted the generation of free
radicals through a Fenton-like reaction. Although
the study designed experiments with actual
water bodies and investigated the individual
impacts of common ions and organic substances
on photocatalysis, it did notaddress the presence
of other ions such as K*, Mg#, and HCOs™ in the
water, nor did it explore scenarios involving the
coexistence of multiple ions and organic
compounds. Further exploration of the
underlying mechanisms remained necessary. The
researchers also found that, after loading SnS;
onto biochar, the photoluminescence spectrum
intensity of SnS,/biochar was significantly
reduced, the absorption edge shifted to longer
wavelengths, covering the entire visible light
spectrum [30]. This indicated that biochar played
a positive role in inhibiting carrier recombination
and enhancing light absorption capabilities. The
degradation rates of amoxicillin and Congo red by
SnS,/biochar reached 93.72% and 98.43%,
respectively. Moreover, the authors discovered a
synergistic effect between the adsorption
capacity of biochar and the photocatalytic ability
of SnS,. The organic substances adsorbed by
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biochar were degraded by SnS,, which freed
more active sites for continued adsorption and
degradation. Consequently, the final degradation
rate through direct photocatalysis was higher
than that achieved by the combination of dark
adsorption followed by photocatalysis.

3. Multimetallic hybrid biochar

To further enhance the performance of biochar-
based photocatalysts, multimetallic compounds
supported on biochar have also been employed
in the degradation of organic substances.
Characterization results of the photocatalysts
indicated that, after loading PbMoQ,, a p-type
semiconductor, onto biochar, the
photoluminescence intensity was reduced and
the photoresponse spectrum was elevated,
suggesting a higher efficiency in the separation of
photogenerated carriers [9]. The adsorption rate
increased from 4.69% for unmodified PbMoO, to
38.36% for PBC-2. The degradation rate over 120
minutes (catalytic only) improved from 20.84% to
23.84%, and the total degradation rate
(adsorption + photocatalysis) rose from 25.46%
to 55.03%, representing a 1.6-fold increase. The
pseudo-first-order rate constant for PBC-2 was
higher than before compositing from 0.0018/min
to 0.0047/min, and the specific surface area
increased from 4 m?/g to 29 m?/g. Dey et al. had
approached the adjustment of the bandgap
width by doping Zn NPs, which had a relatively
large particle size and narrower Eg, into CeO; to
lower the bandgap [31]. Subsequently, Zn NPs-
doped CeO,was supported on biochar to prevent
photocatalyst sintering and agglomeration.
Characterization of  the photocatalytic
performance revealed that, under the influence
of biochar, Zn/CeO,@BC extended the light
absorption range of Zn/CeO; from the ultraviolet
region (450 nm) to the visible light region (550
nm) with the bandgap decreasing from 2.8 eV to
2.1 eV, effectively enhancing the photocatalytic
activity. Other studies utilized ball milling to
produce Ag/TiO,-biochar composites with
varying Ag/Ti ratios and investigated their
degradation effects. The results showed that,
upon UV light excitation of TiO,, electrons were
rapidly transferred to the surface of Ag and
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biochar, reacting with O, to form radicals. These
radicals captured dye molecules absorbed on the
surface, breaking molecular bonds such as C-S=C,
aromatic rings, and C-N bonds. During the dye
degradation process, the adsorptive and
conductive properties of biochar, the low Fermi
level of Ag, and the Schottky barrier enhanced
the e-interfacial charge transfer and
photocatalytic activity. The synergistic
interaction among these components achieved
complete degradation of methylene blue (MB)
and Congo red (CR).

Other biochar-based photocatalysts

1. C3N4 biochar

As a non-metallic photocatalyst, graphitic carbon
nitride (g-CsN,) is favored for its straightforward
synthesis and stable properties. However, its high
carrier recombination rate and limited light
response range constrain its applications. Biochar
can enhance the visible light absorption of g-
C3Ns, improve charge separation efficiency,
reduce electrical conductivity, and enhance
photocatalytic and peroxymonosulfate (PMS)
activation capabilities [32]. When sulfur-doped g-
C3Ng is combined with biochar, the bandgap of
C3Ny is further reduced, and biochar also acts as
an electron acceptor to attract electrons and
inhibit electron-hole recombination [33]. After
compositing with biochar, the degradation rate
of methyl orange by g-CsN4/CdS reaches up to
99%. Ma et al. conducted focused studies on the
mechanism behind the improved photocatalytic
activity using UV-Vis spectroscopy, PL, EIS, and
transient photocurrent responses (TPR) analyses
[34]. It was found that biochar could rapidly
transfer electrons at the heterojunction
interface, reduce interface resistance,
significantly lower the intensity of PL and the
radius of EIS, and shift the absorption edge to 590
nm redshift. However, the amount of biochar
added significantly affected the photocatalytic
activity. Excessive biochar could create a masking
effect that impeded the absorption of light by
C3N4.
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2. MOFs biochar

Metal-organic frameworks (MOFs) are porous
crystalline structures composed of organic linkers
and metal ions, known for their large specific
surface area and adjustable pore sizes. Many
MOF materials also exhibit semiconductor
properties, but the displacement of binding
ligands can compromise the structural integrity
of MOFs, and competitive blocking by water at
active sites may impact adsorption of target
compounds. Thus, enhancing the stability of
MOFs is crucial when used for water treatment.
The photocatalyst MOF-MBC, a hybrid of MIL-53-
Fe, Fes0s;, and Dbiochar, demonstrated
photocatalytic capabilities for the degradation of
RhB [35]. Biochar served as a dispersant on the
surface of MOFs, playing a significant role in
reducing particle agglomeration, increasing
mechanical strength, and improving the
degradation of organic substances. MIL-125(Ti)
was characterized by its crystal stability and high
porosity, butits high bandgap of 3.6 eV limited its
light utilization. After modification with biochar,
the light absorption range was extended to 800
nm. The synergistic action of biochar and MOF
materials enhanced the separation efficiency of
electron-hole pairs and the degradation
performance for TC, achieving a degradation rate
of 94.62% and a TOC removal rate of 84.01%.

Challenges and research outlook

With researchers enhancing photocatalytic
performance through structural improvements
and performance tuning of biochar-based
photocatalysts, numerous biochar-based
photocatalysts have been employed for the
efficient degradation of dyes, antibiotics, and
persistent organic pollutants in water bodies.
However, research on the degradation of organic
substances using biochar-based photocatalysts
still faces many challenges. Current research
primarily focuses on photocatalysis of simulated
wastewater with fewer studies applying these
techniques to actual wastewater. Natural aquatic
environments often contain multiple pollutants
coexisting, making the environmental factors
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affecting degradation highly complex.
Conclusions and degradation mechanisms
derived from simulated wastewater in laboratory
settings need further exploration for application
in actual water bodies. Most current studies use
mercury lamps to simulate ultraviolet light or
xenon lamps to simulate sunlight. However,
these artificial light sources generally have a
higher intensity than real sunlight. Studies using
direct sunlight as the photocatalytic light source
are comparatively rare. Therefore, when
applying biochar-based photocatalysts to actual
wastewater and natural water bodies, research
urgently needs to be intensified on the impact of
light intensity on the degradation of organic
substances by biochar-based photocatalysts. The
long-term stability of photocatalysts still requires
extensive study. Current research on the stability
of biochar-based photocatalysts typically
involves cyclic photocatalytic experiments,
where the photocatalyst, after completing one
degradation cycle, is separated and entered the
next photocatalytic reaction. After 5 - 10 cycles,
studies assess whether there is a significant
decline in photocatalytic capability. However,
photocatalysts, especially in water with high
concentrations, are at risk of loss, metal element
leaching, and poisoning. A few cycles of testing
do not adequately provide stability data,
necessitating longer-term or more frequent
stability experiments. In terms of economic and
ecological assessment of biochar-based
photocatalysts, the raw materials for biochar
generally come from agricultural and forestry
waste, which are low-cost resources. However,
the addition of transition metals, precious
metals, and other elements complicates the
overall process and increases costs. Moreover,
the production of biochar is associated with the
emission of greenhouse gases, particulates, and
other pollutants, leading to a lack of robust
guantitative assessment of the full economic and
ecological value of biochar-based photocatalysts.
Recent research has primarily focused on
enhancing the degradation performance of
photocatalytic composite  materials  with
numerous studies on the processes and
mechanisms of photocatalytic reactions.
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However, there is a lack of systematic research
on the toxicity and ecological effects of biochar
and its composite materials. There is minimal
investigation into the toxic effects and damage
mechanisms that biochar-based catalysts may
cause to organisms and ecosystems under
photonic excitation.

Acknowledgements

This research was supported by Natural Science
Foundation of Shandong Province, China (Grant
No. ZR2020QE234).

References

1. Marris E. 2006. Black is the new green. Nature. 442(7103):624-
626.

2. Fang L, Huang T, Lu H, Wu XL, Chen ZS, Yang H, et al. 2023.
Biochar-based  materials in  environmental pollutant
elimination, H, production and CO. capture applications.
Biochar. 5(1):1-24.

3. LuY, Cai YW, Zhang S, Zhuang L, Hu B, Wang S, et al. 2022.
Application of biochar-based photocatalysts for adsorption-
(photo)degradation/reduction of environmental contaminants:
mechanism, challenges and perspective. Biochar. 4(1):1-24.

4. Minh TD, Song JZ, Deb A, Cha L, Srivastava V, Sillanpaa M. 2020.
Biochar based catalysts for the abatement of emerging
pollutants: A review. Chem Eng J. 394:124856.

5. Wu D, Li F, Chen Q, Wu M, Duan W, Zhao Q, et al. 2020.
Mediation of rhodamine B photodegradation by biochar.
Chemosphere. 256:127082.

6. Yang J, Pan B, Li H, Liao S, Zhang D, Wu M, et al. 2016.
Degradation of p-nitrophenol on biochars: Role of persistent
free radicals. Environ Sci Technol. 50(2):694-700.

7. Jiang T, Wang B, Gao B, Cheng N, Feng Q, Chen M, et al. 2023.
Degradation of organic pollutants from water by biochar-
assisted advanced oxidation processes: Mechanisms and
applications. J Hazard Mater. 442:130075.

8. Li HJ, Ji QY, Zhu NY, Sun HL, Xiang WM, Cheng XY, et al. 2022.
Photocatalytic degradation of rhodamine B by bamboo leaf
biochar doped with BiOBrClix under visible light. Environ
Chem. 41(10):3390-3398.

9. Jiang M, ChenZ, WuY, LuoJ, Zhang A, Chen X, et al. 2023. Novel
PbMoOs; loaded N-biochar
adsorption-photocatalytic removal of tetracycline. Opt Mater.
137:113540.

10. Qu K, Huang L, Hu S, Liu C, Yang Q, Liu L, et al. 2023. TiO,
supported on rice straw biochar as an adsorptive and
photocatalytic composite for the efficient removal of
ciprofloxacin in aqueous matrices. J Environ Chem Eng.
11(2):109430.

composites with enhanced



Journal of Biotech Research [ISSN: 1944-3285]

2024; 18:88-96

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Pang YL, Law ZX, Lim S, Chan YY, Shuit SH, Chong WC, et al. 2021.
Enhanced photocatalytic degradation of methyl orange by
coconut shell-derived biochar composites under visible LED
light irradiation. Environ Sci Pollut Res. 28(21):27457-27473.

Li H, Li WJ. 2023. Research progress in application of ZnS/ZnO
heterojunction photocatalysts. Fine Chem. 40(10):1-15.
Bhavani P, Hussain M, Park YK. 2022. Recent advancements on
the sustainable biochar based semiconducting materials for
photocatalytic applications: A state of the art review. J Clean
Prod. 330:129899.

Mu J, Liu DX, Bai Y, Yao Q, Qian F, Shi FN. 2018. Pomelo peel
biochar design and the adsorption and photo catalytic
properties. International Conference on Energy Development
and Environmental Protection (EDEP), Aug 17-19, Nanjing,
China. 174:31-36.

Xiao Y, Lyu H, Tang J, Wang K, Sun H. 2020. Effects of ball milling
on the photochemistry of biochar: Enrofloxacin degradation
and possible mechanisms. Chem Eng J. 384:123311.

Fang G, Liu C, Wang Y, Dionysiou DD, Zhou DM. 2017.
Photogeneration of reactive oxygen species from biochar
suspension for diethyl phthalate degradation. Appl Catal B:
Environ. 214:34-45.

Zhao XF, Li M, Chen TB. 2023. Hyperaccumulators in China
species, habitat characteristics, and screening suggestions of
cadmium. Environ Sci. 45(5):2788-2498.

Hu B, Zhou A, Niu HB, Ying DY, Fang YF, Huang YP. 2023.
Preparation of Fe-enriched biochar from Typha orientalis pres|
root and its photocatalytic degradation of organic pollutants.
China Water Wastewater. 38(15):55-60.

Chen Z, Xing R, Tang J, Chen Z, Zhang Z, Liao H, et al. 2020.
Upcycling of Cd hyperaccumulator biomass into a CdS@C
nanocomposite with high photocatalytic performance. ACS
Sustain Chem Eng. 8(3):1388-1395.

Cong Q, Zhang Q, Yuan X, Luo C, Qu J. 2014. Synthesis of
nanomaterials from Physalis alkekengi L. and their removal of
bisphenol a in water. J Environ Eng. 140(2):04013006.

Wang D, LiuH, Ma Y, Qu J, Guan J, Lu N, et al. 2016. Recycling
of hyper-accumulator: Synthesis of ZnO nanoparticles and
photocatalytic degradation for dichlorophenol. J Alloy Compd.
680:500-505.

Dong J, Li P, Ji X, Kang Y, Yuan X, Tang J, et al. 2023. Electrons of
d-orbital (Mn) and p-orbital (N) enhance the photocatalytic
degradation of antibiotics by biochar while maintaining
biocompatibility: A combined chemical and biological analysis.
J Hazard Mater. 451:131083.

Wang T, Dissanayake PD, Sun M, TaoZ, Han W, An N, et al. 2021.
Adsorption and visible-light photocatalytic degradation of
organic pollutants by functionalized biochar: Role of iodine
doping and reactive species. Environ Res. 197:111026.

Lu LL, Shan R, Shi Y, Wang S, Yuan H. 2021. Novel titanium
dioxide/biochar  composite catalyst for photocatalytic
degradation of methyl orange. Acta Energ Solar Sin. 42(04):32-
39.

Jiang Y, Liu A. 2023. Cornstalk biochar-TiO, composites as
alternative photocatalyst for degrading methyl orange. Environ
Sci Pollut Res. 30(11):31923-31934.

96

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Han'Y, Wang J, Qi D. 2023. Low-temperature synthesis of maize
straw biochar-ZnO nanocomposites for efficient adsorption and
photocatalytic degradation of methylene blue. ChemistrySelect
8(10):e202300511.

He Y, Wang Y, Hu J, Wang K, Zhai Y, Chen Y, et al. 2021.
Photocatalytic property
evolution of the biochar/ZnO composites. ] Mater Res Technol.
11:1308-1321.

Zhang Y, Li X, Chen J, Wang Y, Cheng Z, Guo M, et al. 2023.
Porous spherical Cu;O supported by wood-based biochar
skeleton for the adsorption-photocatalytic degradation of
methyl orange. Appl Surf Sci. 611:155744.

Khataee A, Kalderis D, Gholami P, Fazli A, Moschogiannaki M,
Binas V, et al. 2019. Cu,0-CuO@biochar composite: Synthesis,
characterization and its efficient photocatalytic performance.
Appl Surf Sci. 498:143846.

Gadore V, Mishra SR, Ahmaruzzaman M. 2023. Bio-inspired
sustainable synthesis of novel SnS,/biochar nanocomposite for
adsorption coupled photodegradation of amoxicillin and congo

correlated with microstructural

red: Effects of reaction parameters, and water matrices. J
Environ Manag. 334:117496.

Dey AK, Mishra SR, Ahmaruzzaman M. 2023. Solar light—based
advanced oxidation processes for degradation of methylene
blue dye using novel Zn-modified CeO,@biochar. Environ Sci
Pollut R. 30:53887-53903.

HanY, GanL, Gong H,HanJ, Qiao W, Xu L. 2022. Photoactivation
of peroxymonosulfate by wood pulp cellulose biochar/g-CsNa
composite for diclofenac degradation: the radical and
nonradical pathways. Biochar. 4(1):35.

Xu H, Zhang T, Wang D, Cai D, Chen S, Wang H, et al. 2022.
Degradation of tetracycline using persulfate activated by a
honeycomb structured S-doped g-CsNa/biochar under visible
light. Sep Purif Technol. 300:121833.

Ma C,Zhang Y, Yin B, ChenJ, Guo M, Gao X. 2023. Wood powder
biochar in CdS-WPB-g-CsNs heterojunction as an electron
transfer medium for enhancing photocatalytic performance
toward degradation methyl orange. J Environ Chem Eng.
11(1):109135.

Navarathna CM, Dewage NB, Karunanayake AG, Farmer EL,
Perez F, Hassan EB, et al. 2020. Rhodamine B adsorptive
removal and photocatalytic degradation on MIL-53-Fe
MOF/Magnetic Magnetite/Biochar Composites. J
Organomet P. 30(1):214-229.

Inorg



