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Description
Due to its simplicity and increased efficiency in comparison to 

other traditional methods of water purification, the widely used 
mechanism of water purification through adsorption and size 
exclusion using thin membranes at high pressures is widely used. 
Due to their unique highly porous (99 percent) 3D structure, 
ultra-low density (1.1 to 500 mg/cm3), and extremely high 
surface area, aerogels have the potential to replace conventional 
thin membranes due to their unparalleled adsorption/absorption 
capacity and higher water flux. Nanocellulose (NC) is a potential 
candidate for the preparation of aerogels due to its surface 
tunability, hydrophilicity, tensile strength, flexibility, and large 
number of functional groups. In this review, we look at how NC-
based aerogels can be used to get rid of dyes, metal ions, oils, 
and organic solvents. It also provides up-to-date information on 
how various parameters affect its adsorption and absorption 
performance. Graphene oxide and chitosan, two new materials, 
are also compared to see how NC aerogels will fare in the future. 
In recent years, ceramic membranes have received more and 
more attention for their ability to remove various contaminants 
from water. One of the most important ceramic membranes is 
the alumina membrane, which is used in both catalysis- and 
adsorption-enhanced separation applications in water 
purification and wastewater treatment as well as in 
microfiltration, ultrafiltration, and nanofiltration processes.

Mental Health
A comprehensive critical review of alumina membranes for 

water purification, on the other hand, is still lacking. This review 
begins with a discussion of the most recent developments in 
alumina membranes before critically introducing the most 
recent methods for lowering the cost of fabrication, increasing 
membrane performance, and reducing fouling. Some new 
approaches, such as tailoring the structure of the membrane, 
creating flexible membranes, designing nanopores for precise 
separation, and increasing multifunctionality are summarized, 
particularly with the intention of improving the performance of 
the membrane. Alumina membranes' engineering applications 
for water purification are also briefly discussed. Last but not 
least, a number of potential directions for future research into 

alumina membranes are outlined, some of which include 
improving multi-functionality enrichment, challenging precise 
separation, and elucidating separation mechanisms. The 
application of photocatalytic microreactors in the field of water 
purification is encouraged by their advantages, which include a 
large specific surface area, rapid mass transfer, the capacity to 
operate in continuous flow, and low safety risks. To deposit Ag/
AgCl photocatalysts on the surface of the polydopamine (PDA)-
modified Melamine Sponge (MS) backbone, we propose a 
monolithic microreactor. According to the findings of the 
experiments, the monolithic microreactor can photodegrade 
250 L m2 of Methylene Blue (MB) per hour and completely 
degrade MB in 10 minutes when exposed to visible light. In 
addition, we demonstrated that a straightforward in situ 
chemical recovery procedure can extend the lifespan of 
MS/PDA/Ag/AgCl, making the monolithic microreactor long-
lastingly usable. In conclusion, the prepared monolithic 
microreactor can be used for a wide range of photocatalytic 
water purification applications due to its high photodegradation 
efficiency, high throughput, and reusability. In order to address 
issues related to water scarcity and reduce pollution in aquatic 
environments, membrane-based separation methods are 
essential. New types of membranes that overcome the 
limitations of conventional membrane materials and maximize 
water purification performance can be developed by controlling 
the structure and chemical functionality of two-dimensional 
materials. By adorning the exterior surface of MXene materials 
with supramolecular cyclodextrins, this work creates a series of 
hybrid membranes through vacuum-assisted self-assembly. Dye 
separation from wastewater can be accomplished effectively 
with these innovative nanofiltration membranes. The best-
performing membrane had a 23.3-fold increase in permeability 
flux and a 99.7 percent rejection of methylene blue when 
compared to pure MXene membranes. This was most likely due 
to the membranes' charge effects and size-selective molecular 
sieving properties. By precisely controlling the two-dimensional 
membrane structure through the use of supramolecular 
chemistry, this study presents a promising strategy for the 
development of advanced membrane separation technologies 
for water purification. Although membrane fouling and deep 
purification efficiency pose significant obstacles, membrane 
technology plays a significant role in water purification.
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Physical Adsorption
A carbon nanotube-adsorptive dynamic membrane (CNT-

ADM) with a membrane module and Carbon Nanotubes (CNTs)
is proposed as a solution to these issues with high removal
efficiency and low operating costs. A CNT-ADM was created by
"forward filtration" of a CNT solution on the surface of an
ultrafiltration membrane in accordance with physical adsorption
and membrane separation. The performance of the preparation
was then evaluated by examining the effects of preparation
time, CNT loading quantity, Transmembrane Pressure (TMP),
and shear stress on morphology and permeability. The effect of
the amount of CNT loading on the mechanism of membrane
fouling was explained using pores blocking models. For CNT-
ADM preparation, the optimal condition was: CNT loading of 55
g/m2, agitation speed of 50 rpm, TMP of 1 bar, and preparation
time of 10 minutes are all included. Additionally, the micro-
polluted water was treated with the optimized CNT-ADM. With
various shear stresses, TMPs, micropollutant concentrations,
and CNT, we investigated how the treatment condition affected
the rate and flux of micropollutant removal. Due to the synergy
of membrane separation (sustaining the CNT layer, separating
the micropollutant, and increasing the adsorption time) and
adsorption removal (forming the CNT layer and adsorbing the
micropollutant), CNT-ADM demonstrated a significant
improvement in the removal of micropollutants (above 95% for
three cycles) in comparison to the new membrane (below 10%).

In contrast, the adsorption behavior may also effectively
reduce membrane fouling by reducing direct membrane-
micropollutant contact. Backwash cleaning was also used to
successfully alter the adsorption saturated CNT and produce the

new CNT layer after that. The repercussions for the CNT-ADM
application were then discussed. Overall, CNT-ADM has a great
deal of potential for use in sustainable water purification due to
its excellent anti-fouling ability and desirable removal of
micropollutants. Decentralized water treatment is increasingly in
demand in remote areas, despite the dominance of centralized
water treatment systems over the past few decades.
Furthermore, research on the simultaneous removal of multiple
pollutants from wastewater, including organic matter, anionic
substances, and heavy metals, is one of the most pressing issues
for practical application. A novel all-in-one multi-pollutants
removal filter for decentralized water treatment based on
inverse opal (IO) structures was presented in this study. The
three adsorbents in this IO-based all-in-one filter are as follows:
For the simultaneous removal of heavy metals, anionic
substances, and organic matter, S-doped graphene, Fe2O3, and
NiOx are used. Under a water-flow system, the filter was
specifically made to improve the water flux of nano-absorbents
with a high absorption capacity. Consequently, the all-in-one
filter for removing multiple pollutants had excellent adsorption
performance (phenol: 108.16 mg/g; Zn: 209.26 mg/g;
phosphate, and 202.54 mg/g) at a water flux of 1167 L/m2•h or
more. Taking into account the correlation between pollutants,
the water flow by IO structure, and the appropriate removal
mechanisms for various pollutants, we were able to successfully
design an effective system for the removal of multiple
pollutants. In addition, our findings demonstrated that a single-
unit purification system could simultaneously remove multiple
pollutants from wastewater, which would be crucial for
decentralized water purification systems.
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