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Abstract 
The industrial effluents are of great environmental impact not only by volume and high toxicity. Many of 

these effluents present high organic load, which compromises photosynthesis of algae and, consequently, 

these water bodies life. In order to minimize the impact of these discharges, many researchers have been 

focusing on the development of smart and ecofriendly materials that have high capacity for removal of 

toxic agents. Among these new materials, nanocomposites with fascinating physicochemical properties 

which facilitate their interaction with the molecules of these aquatic pollutants deserve to be highlighted. 

The processes of enhancement of these materials through activation (chemical, thermal, electromagnetic) 

and functionalization, by which the removal capacity of these materials increases greatly, are also of great 

importance. 
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Introduction 

 
The impact of organic and inorganic pollutants 

on the environment has been a matter of great 

concern to the governments of several countries 

and the scientific community, as these 

substances can cause the death of the 

microorganisms responsible for photosynthesis 

and the degradation of water bodies, if are 

discarded without proper treatment. Moreover, 

water pollutants are strictly regulated by 

legislation; in Brazil, there are national and 

regional laws which deal with the discharge of 

industrial effluents in water bodies [1]. As an 

example, Brazilian federal agency National 

Council of Environment (CONAMA) is 

responsible for establish the parameters of 

quality of industrial wastewater; in this sense, 

for the variables temperature, color, turbidity, 
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biochemical oxygen demand (BOD), chemical 

oxygen demand (COD), among many others, 

are fixed a series of limits for wastewater 

disposal [1]. Nevertheless, substantial 

investigation must be provided in order to keep 

the legislation up to date and in total accordance 

with local reality. In this scenario, many unitary 

operations to treat effluents from the textile 

industry have been proposed over the past 

decades. The most significant primary 

treatments of crude wastewaters are 

flocculation [2], aeration [3], coagulation [4,5], 

ultrafiltration [6,7] and biodegradation [7]. 

Furthermore, there are processes employed 

after these so called primary treatments, which 

aim to eliminate the residual load of pollutants: 

decantation/sedimentation, advanced oxidative 

process (AOP)-among them photodegradation, 

photocatalysis, chemical oxidation and others; 

ultrasonic assisted processes; and, finally, 

adsorption, which applies a broad number of 

low cost materials [8-10]. 

 

Nanocomposites are placed as a cutting edge of 

the materials science and engineering, 

regarding the development of smart and highly 

effective nanoscavengers of chemical 

pollutants from water. Several inorganic 

matrixes are being currently researched for the 

development of capable nanomaterials: boron 

nitrides [11], iron oxides/magnetite 

nanoparticles [12,13], titanium dioxides [14,15] 

and oxygenated niobium composites [16]. 

Among the newly engineered materials used in 

the treatment of industrial and agricultural 

wastewater, the most prominent are carbon 

nanocomposites, which have been the object of 

several recent studies. Among these 

carbonaceous materials, graphene, for example, 

has attracted a huge interest in world research 

due to its unique structural characteristics and 

high adsorption performance [17,18]. 

Therefore, there has been a growing interest 

among the scientific community in 

investigating different aspects, particularly the 

surface modification, of graphene and other 

nanocomposites [19]. Among the 

disadvantages of the application of 

nanomaterials, it can be cited their high 

production cost, difficulty to scale-up processes 

and their final separation from the treated 

effluents, since several nanocomposites have 

hydrophilic properties [20]. Nevertheless, 

many researchers are focused on the solution of 

these issues. In this work it is highlighted the 

main spots over the application of several 

nanoparticles (and their modifications) 

employed in wastewater treatments, such as 

photodegradation, flocculation and adsorption. 

For that, recent works found in the literature 

were surveyed to evaluate their production 

process, pollutant removal efficiency and 

recyclability aspects. Moreover, perspectives, 

updates and strong/weak points of some 

processes are remarked to deliver the reader a 

qualified overview towards these outstanding 

materials. 

 
Carbon based nanomaterials 

 

Conventional processes for purification and 

treatment of water, while eliminating 

pathogens, are often not able to completely 

remove some contaminants such as dyes, drugs 

and other organic compounds [21,22]. 

Recently, a remarkable potential has been 

observed for the remediation of environmental 

problems as a result of nanotechnological 

developments. Compared to conventional 

materials, nanostructured adsorbents present 

greater efficiencies in water treatment, 

combined with the possibility of applying these 

materials to the photodegradation of organic 

compounds [23,24]. Graphene-based 

nanomaterials (GBN) have a high theoretical 

specific surface area (up to 2630 m2∙g-1), great 

regeneration capacity, as well as exceptional 

electrical properties, being considered 

promising materials for the removal of 

contaminants. Graphene can be defined as 2D 

material formed by a hexagonal network of 

carbon atoms bonded together by sp2 bonds, 

presenting unique electronic, chemical and 

mechanical properties [25,26]. It is also 

considered as a precursor of the nanomaterials 

of the graphene family and other families of 
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carbon nano-allotropes, including large 

fullerenes, carbon nanotubes (CNT) and 

graphite Figure 1 [27-29]. 

 

 

Figure 1: Illustration of graphene oxide (right) and graphene (left) nanosheets, as well as other carbon 

nano-allotropes (below graphene structure). 

 

 

Figure 1 shows that structurally, graphene 

presents in an analogous way the structure of 

honeycombs, where each carbon atom forms 

three bonds with its first neighbors [22,30,31]. 

Graphene oxide (GO), which is the oxidized 

form of graphene, contains a variety of oxygen 

groups on its surface, a fact that contributes to 

the increase of adsorptive potential, besides 

facilitating its application directly or as a 

support in the photodegradation of organic 

pollutants [32]. 

 

According to recent studies, GO has shown to 

be a potential adsorbent, effective in the 

removal of dyes in water. For the removal of 

Methylene Blue (MB) using GO, adsorptive 

capacities above 500 mg.g-1 have been reported, 

with removal efficiencies above 99% in less 

than 10 min [17,26,33]. Peng et al. [34], on the 

other hand, using amorphous graphite in the GO 

production, observed an experimental 

adsorptive capacity above 2200 mg.g-1 for MB 

adsorption into GO, almost 5 times higher than 

the previous value. Yan et al. (2014) explained 

these disparity of results, as they depend on the 

GO synthesis method, as well as the steps 

employed during GO production. Thus, a 

sample that presents a higher degree of 

exfoliation and/or a greater amount of surface 

functional groups, might have a considerably 

increased capacity to remove the contaminant 

[35]. Some studies also highlight the use of 

GBN in the removal of color and turbidity from 

real textile wastewater samples, which 

reinforce the potential of a possible application 

of these materials as adsorbents in the treatment 

of industrial scale effluents. According to 
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Araujo et al. [36], a sample of GO produced by 

modification of the method proposed by 

Hummers and Offeman [37], was able to 

remove in 30 min, approximately 85% of the 

turbidity and more than 60% of the apparent 

color from a textile wastewater sample, well 

above the value obtained by the conventional 

method, using coagulation-flocculation 

(35~50% apparent color removal). Carbon 

nanotubes are also nanomaterials that present 

great potential in applications of water 

remediation, having great potential as 

adsorbents for the removal of synthetic dyes. 

Gong et al. (2015) used porous cup-stacked 

carbon nanotube (P-CSCNT) for adsorption of 

Methylene Blue from wastewater. Although P-

CSCNT showed good recyclability and 

reusability, it was found a maximum adsorption 

capacity of 319.1 mg.g-1, a much lower value 

compared to those found in works using GO to 

remove the same dye from aqueous medium 

[38]. 

 

The abundance of oxygen groups found on the 

surface of the GO was explored for studies 

related to the production of a wide range of 

materials, including aerogels, which could in 

the future make feasible the use of GBNs in the 

treatment of industrial scale waters and 

effluents [27]. A hydrothermal process was 

developed by Wang et al. (2017) to produce 

graphene aerogels using GO as a precursor [39]. 

In their study, the obtained aerogel was used as 

a model for the growth of carbon nanotubes 

(CNTs). The material was able to absorb a 

variety of organic liquids, including 

polydimethylsiloxane (PDMS), with a 

maximum adsorption capacity of 322.8 g.g-1. In 

addition, the aerogel exhibited excellent 

thermal stability and reuse for oil-water 

separation, which would make it possible to 

clean oil spills and water purification. 

Additionally, the exceptional electrical 

properties of graphene have also attracted 

applications in the areas of nanoelectronics, 

photocatalysis/photodegradation, and can also 

be incorporated into other materials on a 

macroscopic scale. In photocatalytic (as well as 

in adsorptive) processes, GBN has shown to be 

promising, mainly because it presents a high 

specific area, due to good optical transmittance 

and high intrinsic electronic mobility 

[30,40,41]. De Icaza-Herrera (2015) [24] 

reported the effectiveness of graphite and 

graphene oxides in the photocatalytic 

degradation of 4-chlorophenol in water. It was 

observed that 92 and 97% of 4-chlorophenol 

were degraded with graphite and graphene 

oxides, respectively; and that 97% of the total 

organic carbon was removed. In addition, the 

by-products normally observed in the reaction, 

which produce a yellow solution obtained by 

photolysis alone, were eliminated by the 

photocatalyst process using GBN. 

 

Other nanocomposites  
 

With the growing need to develop more 

efficient methods for the treatment of complex 

wastewater, such as effluents containing dyes 

and heavy metals, the use of non-carbonaceous 

nanocomposites has become promising. The 

main characteristics of these nanomaterials are 

high surface area, high chemical activity, and 

exclusive antimicrobial, optical and electronic 

properties. These properties make these 

materials excellent candidates for different 

wastewater treatment processes such as 

disinfection, biological treatment, adsorption 

and photocatalytic oxidation/degradation [43-

45]. The most common forms of iron oxide in 

nature are magnetite (Fe3O4), hematite (α-

Fe2O3) and maghemite (γ-Fe2O3). Iron oxide 

nanomaterials have been extensively 

researched due to their characteristics such as 

nano-range size, high surface area and 

superparagliatism [46]. Recent studies report 

the potential of using this material in 

nanocomposites for different effluent treatment 

processes due to its versatility as a Fenton 

reaction catalyst, as well as its magnetic 

properties that allow an easy recovery after the 

process [47,48].In order to remove the Cr (VI) 

and Pb (II) ions from the aqueous solution, 

Koushkbaghi and collaborators [49] developed 

dual layer membranes, obtained by the 
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incorporation of aminated-Fe3O4 nanoparticles 

into the chitosan/polyvinyl alcohol nanofibers 

that were coated on the porous polyethersulfone 

membrane. In a batch adsorption system, the 

maximum adsorption capacity was 509.7 and 

525.8 mg·g-1 for the Cr (VI) and Pb (II) ions, 

respectively. In the ultrafiltration membrane 

system, maximum recoveries of about 85% and 

95% (wt%) of the Pb (II) and Cr (VI) ions 

respectively obtained with the use of 2% by 

weight of aminated-Fe3O4. A good reusability 

of the nanofibrous membrane was also 

observed.For the treatment of Methylene Blue 

(MB) dye solution, Chen et al. (2018) [47] used 

Fe3O4 nanoparticles coated with SiO2 and C to 

form a nanospheric photocatalyst, and then 

applied it in Fenton-like reaction to degrade 

MB. The material presented high catalytic 

activity in pH range of 4-9 and better results 

were obtained for higher temperature 

conditions, nanosphere content and H2O2 

concentration. At pH 6.0, the material had a 

discoloration efficiency of 90%, a much higher 

result compared to Fe3O4-H2O2 and H2O2 

systems, which presented 14% and 5% 

discoloration, respectively. According to the 

authors, the decolorization efficiency even at 

pH close to neutrality may be associated with 

the presence of SiO2 that modified the optimal 

pH of the Fenton reaction, in addition to the 

accessible surface and the C layers capable of 

concentrating the dye and accelerating the 

reaction. The presence of Fe3O4 also allowed 

for easy magnetic separation.Nanostructured 

materials based on TiO2 present great potential 

in the photocatalytic removal and adsorption 

process due to their semiconductor character 

and their porous structure, mainly in dye 

removal [50]. In addition, the design of 

nanocomposites can increase the absorption 

potential of TiO2, enhancing the removal 

capacity under visible light irradiation [45].The 

presence of bismuth improved 

photodegradation of TiO2 in visible light, as 

observed by Ali et al. (2019) [52]. For the 

treatment of industrial textile effluents, they 

synthesized the bismuth-TiO2 nanotube using 

two different methods. In the two-step method, 

the TiO2 nanotube was synthesized by 

electrochemical anodization and then the 

bismuth was fixed by electrochemical 

deposition. In the one-step method, the 

electrochemical anodization of TiO2 nanotubes 

and the bismuth attachment occurred in 

parallel. Compared to the TiO2 nanotubes, 

bismuth-TiO2 nanocomposites obtained by one- 

and two-steps showed respectively, 2.5 and 2.0 

higher photocatalytic activity, and the TOC 

reduction in industrial effluents was 44% and 

56%, compared to a reduction of 22% with 

TiO2. According to the researchers, the 

improvement of photodegradation efficiency 

may be associated with different factors: high 

surface area of the nanocomposite; deposition 

of bismuth that causes the energy band-gap 

decrease and consequently, the increase of the 

TiO2 absorption in the visible region; bismuth 

ability to capture photoexcited electrons, 

reducing the recombination of electron-hole 

pairs (e-/h+). 

 

The TiO2/CoSe nanocomposite synthesized by 

Warkhade et al. (2018) [53] was also able to 

increase photocatalytic efficiency under visible 

light in the treatment of dye solutions. It was 

observed that the treatment of the solution of 

Rhodamine B using the nanocomposite resulted 

in the degradation of 99.86% of the dye, while 

the degradation efficiency of TiO2 and CoSe 

was only 15% and 18%, respectively. The 

photocatalytic degradation of the solution of 

Methylene Blue with TiO2/CoSe showed 

97.85% efficiency. The improvement is 

attributed to the retarded rate of recombination 

of photoexcitons, increasing the visible light 

harvesting ability. Another promising 

nanomaterial for use in effluent treatment 

processes is boron nitride because of its 

semiconductor nature, high thermal stability, 

strength and conductivity. In addition, its 

chemical inertia can facilitate the recyclability 

of this material [54].Shahabuddin et al. (2018) 

[55] synthesized polyaniline conductive 

nanocomposites doped with three different 

concentrations of 2D hexagonal boron nitride 

by the in situ oxidative polymerization 

https://doi.org/10.36811/jca.2019.110003
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technique. These materials were used for the 

treatment of an aqueous solution of dyes, 

through the photocatalytic process under UV 

irradiations. The researchers observed that the 

nanocomposites obtained showed higher 

photocatalytic performance compared to the 

hexagonal boron nitride and the polyaniline 

nanotube isolated. Better conditions were 

obtained for the nanocomposite containing 2% 

by weight of hexagonal boron nitride, with 

degradation efficiency 93% and 95% for 

methylene blue and methyl orange in 90 

minutes of testing. 

 

Lin et al. (2019) [56] investigated the 

adsorption, photolysis and photocatalytic 

oxidation under UV radiation, using 

TiO2/boron nitride nanocomposites as a 

photocatalyst for the treatment of a model 

solution containing ibuprofen. The adsorption 

capacity of the nanocomposite was about 14 

mg·g-1. It was observed that the presence of 

boron nitride improved the light absorption 

efficiency and the high surface area of TiO2 

facilitated the separation of the (e-/h+) pairs. The 

photocatalysis was very efficient, with a 

percentage of degradation of about 100% after 

2 h of experiment, in comparison to the 

photolysis process with 27% of degradation. 

Nanocomposites also appear as an alternative to 

the addition of disinfectants such as chlorine, 

which at high dosages could form carcinogenic 

by-products [57]. Silver (Ag) nanoparticles, 

porous CuO microspheres and bimetallic 

nanoparticles of porous CuO decorated with Ag 

nanoparticles were evaluated for the 

antimicrobial power against the Escherichia 

coli, Salmonella and Listeria bacteria, and the 

microorganisms present in the local river water. 

Chen and coworkers [58] observed that the 

bimetallic CuO/Ag nanoparticle showed the 

highest disinfection efficiency, being able to 

completely inhibit the growth of the evaluated 

bacteria with a minimum dosage of 50 μg/mL. 

According to the authors, the antimicrobial 

efficacy of the nanomaterials is due to the high 

ratio surface/volume that allows a greater 

interaction with the microorganisms. 

 

Despite having a high capacity to treat 

wastewater, the high cost of nanocomposites to 

be taken into consideration. In addition, the 

composition and irregularity of shape and size 

can cause secondary contamination to the 

environment and may be harmful to human 

health. Thus, the toxicity of these materials 

should also be thoroughly evaluated [59,60]. 

The efficiency, cost and safety of materials 

must be synergistically related. 

 

Activation and functionalization 

 

Technically, activation process is a route 

employed to promote modifications on a 

determined material surface in order to confer it 

chemical selectivity towards other types of 

pollutants. Many carbons, crude biomass and 

clay materials have been activated with the 

purpose to increase their adsorption capacity 

[61-63]. For that, it may be carried on by acid 

activation, with the addition of strong acids or 

their solution; and basic activation, generally 

with NaOH or KOH Figure 2. Chemical 

activation may take place with an experimental 

apparatus which allow the reflux of the 

acid/base or a bath in which the particles stay in 

contact with the activation agent under steady 

steering [63] and controlled temperature. 

Another enhancement process that is widely 

applied to macro and microporous materials is 

the thermic activation, which is reported to 

increase the availability of active sites on 

catalysts and adsorbents. However, chemical 

activation with a strong base is responsible for 

the formation of hydroxyl groups, distributed 

over the entire grain surface. These groups 

confer high selectivity to material when it is 

applied to remove positively charged 

molecules. Moreover, some nanoparticles can 

be activated by electromagnetic methods [64] 

that grant the flux of electron over the material 

surface and consequently turning it negatively 

or positively charged. On adsorptive processes, 

the activation of adsorbents is a key point to 

enhance sorbent removal efficiency. In this 

sense, some researchers have activated 
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charcoals with NaOH to increase their affinity 

towards metallic cations, or cationic dyes [62]. 

Since chemical activation usually changes 

material composition in an irreversible way, it 

must only be performed if a substantial removal 

capacity increase can be reached. Therefore, 

researchers must be careful about operational 

costs increases (given in USD/kg of removed 

pollutants) when activate nanomaterials; for 

that a cost/benefit analysis must be thoroughly 

carried on prior to choose the activation path. 

Preferentially researchers should option for 

easily reversible or non-destructible processes 

in order to make it possible the application of 

the same material as scavenger of a wide variety 

of pollutants or its easy recovery after 

wastewater treatment. In that sense, chemical 

activation processes are not fully 

recommended. 

 

 

Figure 2: scheme of basic activation of raw diatomite grain. 

  

 

Functionalization, on the other hand, consists in 

a chemical reaction to insert specific functional 

groups over a nanomaterial surface and edges. 

It is reported in the literature two types of 

functionalization: covalent and non-covalent 

[18]. When functional moieties are stacked over 

the basal plane with weak interaction forces, it 

can be said that the functionalization is non-

covalent. The nature of these transactions is 

characterized by Van der Waals forces, 

electrostatic, hydrophobic and  stacking 

interactions. Furthermore, these interactions are 

characterized as being of lower energies (<100 

kJ∙mol-1) [18,65]. When the nature of the 

interaction between functional group and the 

nanomaterial basal plane possesses the strength 

nearly to a chemical bond (>100 kJ∙mol-1), it 

can be said that this functionalization is 

covalent. As an example, it is reported in the 

literature the stacking of magnetic 

nanoparticles (Fe3O4, -Fe3O4, Fe2O3, etc.) 

over graphene, graphene oxide (Figure 3b) and 

titanium oxides are classified as of non-

covalent nature [13,18]. Moreover, magnetic 

nanoparticles can be easily synthetized via 

solvothermal method, as depicted in Equation 

1; it also can be synthetized and anchored over 

GO surface in the same time, as reported by 

several works in the literature [26,66,67] 

(Figure 3a). According to Othman et al. (2018), 

the main advantage of magnetic-functionalized 

nanocomposites is that it can be easily 

separated from liquid phase by the incidence of 

a magnetic field [68]; thus, the material can be 

fully characterized to be sure of its 

ferromagnetic and crystalline properties. In 

stance, magnetization analysis (emu∙mg-1) must 

be carried on to evaluate if the functionalized 

nanocomposite has diamagnetic, paramagnetic 

or ferromagnetic behavior. Moreover, X-Rray 

Diffraction (XRD) together with Raman and 

Infrared spectroscopies (FTIR) must be 

performed to be certain of the presence of these 

functional groups in the sample, as well as the 

disorder degree over the crystalline structure, 
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which is given by ID/IG ratio on Raman spectra 

[69]. Advanced microscopy techniques, such as 

Atomic Force Microscopy (AFM) and 

Transmission Electron Microscopy (TEM) can 

be employed to unravel nanocomposites 

morphology, which is important to explain their 

easy selectivity towards some pollutants. 

 

It is important to keep in mind that the 

development of nanocomposites is always 

associated to a high diligence regarding the 

purity of reactants, strict control of the variables 

and materials characterization, which may also 

increase their costs. E.g. the modification of 

some clays may increase their production cost 

40 times in comparison to crude ones, even 

though their removal capacity may double after 

surface enhancements [70]. Controlling the 

surface chemistry of adsorbents, catalysts and 

photocatalysts is crucial to unravel how they 

might behave towards specific species of 

contaminants. Moreover it is related to carry out 

several characterization techniques, such as 

FTIR infrared spectroscopy, X-ray 

photoelectron spectroscopy XPS, zeta 

potential, among others. Some of these 

techniques are very costly, when considering 

equipment maintenance, consumables 

purchasing and operator training and recycling. 

Yet, this associated cost can be lowered when 

the material is highly recyclable compared to 

conventional ones [26]. 

 

 

432223
446 OFeOHFeClOHFeCl
OHNH
⎯⎯⎯ →⎯+       (1) 

 

Figure 3: amino-functionalization and Fe3O4 nanoparticles anchoring over GO carbonaceous lattice by 

solvothermal process. 

 

In Table 1 some of the main findings from 

previous works are listed, when nanomaterials 

and their nanocomposites were applied as 

scavengers of water pollutants (organic and 

inorganic). All the values included in Table 1 

are given at room temperature (298±5 K). 
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Table 1: Comparison of removal efficiencies of different contaminants in aqueous medium applying 

various nanomaterials and different processes and conditions (average temperature within 298±5K). 

Nanomaterial Pollutant 
Removal 

process 

Removal 

efficiency 

Initial 

concentr

ation 

Initia

l pH 

Contact 

time 

Refere

nce 

GO 
Methylen

e Blue 
Adsorption >97% 

100 

mg∙L-1 
5.5 10 min [16,32] 

Cup-stacked CNT 
Methylen

e Blue 
Adsorption ~88% 25 mg∙L-1 6.0 180 min [37] 

P-CSCNT 
Methylen

e Blue 
Adsorption ~90% 

100 

mg∙L-1 
6.0 180 min [37] 

Amino-Fe3O4-

functionalized GO 

Methylen

e Blue 
Adsorption >99% 

100 

mg∙L-1 
12.0 20 min [25] 

Agar-GO 3D aerogel 
Methylen

e Blue 
Adsorption 90% 

200 

mg∙L-1 
6.0 180 min [26] 

TiO2-kaolinite 
Acid Dark 

Blue 5R 
Adsorption 97% 

100 

mg∙L-1 
8.0 20 min [63] 

ZnO microspheres-

reduced GO 

Methylen

e Blue 

Photocatal

ysis 
>90% 10 mg∙L-1 N/A 35 min [22] 

Bi-TiO2 
Methylen

e Blue 

Photocatal

ysis 
33% 5 mg∙L-1 7.0 150 min [52] 

GO 

4-

chlorophe

nol 

Photocatal

ysis 
97% 30 mg∙L-1 7.0 100 min [41] 

Graphite oxide 

4-

chlorophe

nol 

Photocatal

ysis 
92% 30 mg∙L-1 7.0 100 min [41] 

TiO2-BN Ibuprofen 
Photocatal

ysis 
27% 5 mg∙L-1 7.0 120 min [56] 

Conclusion and perspectives 

 

According to the relevant works mentioned in 

this literature review, it was verified that in fact 

nanomaterials can be potential compounds, 

effective and efficient in removing 

contaminants from water and wastewater. 

Moreover, in the presented studies, the 

potentiality of these materials was observed in 

the removal of various organic and recalcitrant 

compounds, which again reinforces the 

possibility of more practical applications. One 

the other hand, between the most significant 

challenges regarding the use of nanocomposites 

in wastewater treatment is their production 

scale-up, which can lead to substantial 

increases in costs. However, the technological 

mastery and the development of natural and low 

cost reactants have great potential to suppress 

this obstacle. Moreover, the toxicity of 

nanocomposites towards aquatic fauna and 

flora is not fully investigated, which delivers a 

wide field of research in this matter. 

 
Even though numerous papers have presented 

batch studies using various types of 

nanomaterials for adsorption and/or 

photodegradation of contaminants in aqueous 

medium, the difficulty of applying these 

materials to continuous system still represents a 

bottleneck. That is because as they are 

extremely small, nanomaterials are often easy 

to be carried and difficult to be separated during 

the recycle, which is an obstacle to industrial 

https://doi.org/10.36811/jca.2019.110003
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applications. Thus, there is a need for more 

research and developments in this area. 
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