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ABSTRACT

The presence of toxic heavy metals in the water system threatens both terrestrial and aquatic life across the globe. Water
pollution by toxic pollutants continues to pose serious health and environmental threat to the ecosystem. Although adsorption
using Cellulose-Based Nano Composites (CBNC) has proven to be an ideal technique for water and wastewater treatment from
aqueous solutions, this naturally abundant cellulose suffer from a lack of mechanical stability, high removal efficiency, and
recovery for practical applications. Herein, we review the low-cost synthesis of nano composite by cellulose-based materials
incorporated with polymer, metal oxides, clay, and carbon-based materials mainly focusing on strategies to improve the
adsorption capacity, mechanical and thermal stability, and separation of the hydrogel in removing toxic pollutants from aqueous
solution was critically overviewed. Cellulose-based hybrid/hydrogel nano composites are reported as classical materials that
have flourished with significant consideration, especially concerning water treatment. In an adsorption technology, hydrogel
nano composites act as supper absorbents, prominent to enhance their removal efficiency towards contaminants. This review
mainly highlights cost-effective and stable cellulose-based hybrid nano composites synthesis methods for efficient adsorbents. An
in-depth seminar paper discusses the basic characteristic of nano composite hydrogels like stability, porosity, selectivity, and
their applications.
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INTRODUCTION

The global world today facing big challenges with suitable clean

water due to rapid population growth and industrialization. Commercialized adsorbents like zeolites, clays, and activated
Among water-polluting, heavy metals are serious pollutants of carbon has some dravybacks Ilk_e weak_lnteractlons with target
concern due to their non-biodegradability and high toxicity. ~ Pollutants, difficulty in separating during post-treatment, and
Heavy metals are major toxic pollutants of industrial discharges ~ SOme Of them being non-reusable [4,5]. _

without proper treatments. Cadmium, lead, zinc, chromium, and ~ Dué to low adsorption efficiency highly exploited natural
copper are among the most toxic metals widely reported [1]. adsorbents and toxicities of chemical adsorbents; recently,

Adsorption is a viable technology for water treatment due to its ~ 'eSearch interest has shifted to the design and production of new
economical, operational flexibility, and ability to regenerate the adsorbe_nt materials th'c_lt can del_lver cost-effective and efficient
adsorbent used [2]. adsorption _ technologies. _Durlng the Iast_ few dech_es,
polysaccharide-based materials have been considered promising
candidates in terms of abundance of supply and environmental
viability. Plant-derived cellulose, the first abundant biopolymer
on earth-based materials appear to be an effective adsorbent for
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the treatment of various aquatic pollutants due to 3D network
structures, large surface area, hydrophobicity, and multiple
functional groups [6-8]. Within this concern, the use of
biopolymers as adsorbent materials in multidisciplinary fields has
received great attention as environmentally-friendly sorbents for
adsorptive water treatment [9]. Cellulose and its derivatives have
received great attention owing to its distinctive structural feature,
non-toxic, exciting physico-chemical properties, and good
candidates for super adsorption capacity [10,11]. However, weak
mechanical properties, low thermal stability, and intra and
intermolecular hydrogen bond network in the cellulose polymer
decrease its adsorption capacity [12]. To overcome limitations
with cellulosic materials researchers have been reported different
modification types like crosslinking, grafting, and adding filler
into cellulose matrix to improve solubility and stability problems
[13].

However, nano-adsorption technology offers advantages such as
cost reduction, versatility, high removal efficiency, short cleanup
time, and the possibility of regeneration/reuse of spent adsorbent
[14,15]. The preparation of cellulose-based nano composites
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(CBNCs) has been found to be of growing interest due to its
higher functional group and ease of surface modification, high
strength, low cost, and renewability [16]. Different synthesis
methods of CBNC have been widely reported by different
researchers. The key drawback in  cellulose-based
nanocomposites synthesis using cross-linkers is the decrease in
the number of sorption sites, with the rise in density of the cross-
linker in crystalline domains, which then distorts the polymer
matrix’s original crystal structure [17,18]. Also, they are reported
for the development of toxic and non-biodegradable
nanocomposite hydrogel under alkaline conditions [19,20].
Homogeneous dispersion of filler into cellulose matrix improves
the functionality, stability, solubility, and surface area and shows
high uptake of target pollutants [21-26].

According to the Scopus database, the amount of publications on
cellulose nanocomposite hydrogels has increased from one in
2010 to 50 in 2019, among which very few papers were devoted
to physically cross-linked nanocomposite hydrogels (Figure 1)
[27].
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Figure 1. Hydrogel nanocomposites for removal of dyes during the period 2011-2020.

There are some recent reviews on CBNC for removing heavy
metals and metal oxide-cellulose nano composite for removal of
toxic heavy metals and dyes and hydrogel cellulose-based Nano
composite for adsorption removal of methylene blue are among
recently overviewed CBNCs. However, comprehensive
overviews of the synthesis of porous CBNC hydrogel properties
and its application are the current needs of the scientific
community to grasp an overview of the current status [28-30].
The synthesis of a low-cost, reusable adsorbent with high
removal efficiency for aquatic pollutants still needs further
investigation [31]. The main objective of the review paper was to
briefly highlight the most newly cellulose-based Nano composite
synthesis methods and trials using cellulose as potential
components to form hybrid/hydrogel with polymers, metals
oxides, carbon- based and clay-based material for the
development of new hybrid/ hydrogel nanocomposites
component for various improved adsorption removals of heavy
metals.

LITERATURE REVIEW

Preparation of cellulose based nanocomposite

The surface function of cellulose shows high surface energy and
binding activity on the nano scale and can be modified by using
various methods [31]. The development of CBNC materials using
Nano Cellulose (NCs) has become a prominent research field due
to excellent and tunable surface chemistry, high mechanical
strength, low cost, biodegradability, biocompatibility, and
renewability [32]. The main challenges of preparing CBNC
include the generation of nanocellulose from natural resources,
production on a larger scale, achieving uniform dispersion in
polymer matrices, and control of hybrid composites at the
nanoscale [33].

As recently reported cellulose-based nanocomposite production
process is costly and needs a further reduction of production costs
and improved production efficiency. The advantage and
drawbacks of the

Most widely applied CBNC synthesis methods like solvent
casting, electrospinning, precipitation, are critically assessed in
this article.

Electrospinning nanocomposite synthesis methods
Electrospinning as a means to produce polymer fibers from
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solution was first introduced in the early 20" century and was
patented by Form has in 1934 [34]. The synthesis method follows
blending Nano Cellulose (NC) with suitable polymers. In electro
spun synthesis methods, appropriate orientation of cellulose and
polymer enhances tensile strength, young’s modulus, and thermal
stability and such types of nanocomposite synthesis methods
mostly reported on cellulose- polymer-based hydrogel
nanocomposites [35].

Electrospinning enables the production of nanocomposites fibers
with different morphologies (fibers, hollow fibers, beaded fibers,
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Among the cellulose-based nanocomposite  preparation
techniques, the in situ formation shows several advantages due to
the use of simple reaction procedures, light reaction conditions,
and higher yield.

Solvent casting cellulose-based nanocomposite synthesis
methods

The solvent cast synthesis methods start by dissolving cellulose
materials in a volatile solvent, followed by incorporating other
hybrid materials to form nanocomposites [38]. Then Stable
colloidal suspension of nanocomposite film can be solidified into
a favored shape and geometry via solvent removal [39]. The
fabricated CBNC by solvent casting exhibit enhanced mechanical
properties by acting as a nucleating agent [40-42]. However,
these synthesis methods have a lot of limitations like a high
volume of solvent with evaporating properties, need long solvent
evaporating times, and some presence of residual solvent
involved in reducing the quality of product cellulose-based
nanocomposite and accounting for formed nanocomposite
aggregations [43].

Different researchers have done a lot of trials to improve solvent
casting nanocomposite synthesis methods. In general,
nanocomposite preparation by the solution casting method should
focus on two aspects; compatibility between cellulose-based
materials and the matrix should be improved. Because both
cellulose-based materials and the matrix are “forced” to disperse
by the solvent; if the compatibility is too poor, it is likely that
cellulose-based materials will self-assemble rather than connect
with the matrix during solvent evaporation. Secondly, the proper
solvent selection for suitable dispersion is crucial. Improper
solvent selection may lead to high recovery costs and
environmental pollution. In most cases in the solvent casting
synthesis methods, water or N, N-Dimethylformamide (DMF) are
used as dispersants for dispersion of hybrid components [44].
Choo, et al. reported excellent mechanical properties and strong
binding affinity of nanocellulose-Polyvinyl Alcohol (PVA)
hydrogel nanocomposites using water as a dispersant solvent.

etc.), porosity, and fiber diameters from a few nanometers to
several micrometers. This fabrication technique typically
produces multilayered composites with superior active surface
areas, enhances tensile strength, and produces highly
interconnected pores nano composites [36]. Such types of
cellulose-based nanocomposite synthesis methods have the
potential to improve the effective surface area as well as enhance
the nanocomposite’s surface chemistry for specific applications
such as adsorptive filtration (Figure 2) [37].

Taylor Cone

However, evaporation of the solvent during solution casting can
easily lead to the agglomeration of nanocellulose, which seriously
reduces the enhancement effect. More similarly, Miri, et al.
synthesized cellulose nanocrystal graphene nano-sheet-based
nanocomposite using water as a dispersant, the new functional
hybrids of cellulose nanocrystal and Graphene Nanosheets
(GNO) generated synergistic effects through interactions that
effectively prevented the agglomeration of nanoparticles in the
polymer matrix, improved the dispersion uniformity, and greatly
improved the mechanical properties, thermal stability, and
moisture absorption of the nanocomposite. In addition to the
improvement in mechanical properties, the material also
exhibited good water vapor barrier and thermal stability [45]. In
addition to water, N, N-Dimethylformamide (DMF) is a widely
used dispersant solvent for solvent casting nanocomposite
synthesis and can be mixed with water and most organic solvents,
except halogenated hydrocarbons. Compared with water, DMF is
a better solvent and can dissolve both hydrophilic and
hydrophobic components. However, when hydrophobic materials
are used as the matrix, due to the poor compatibility between
cellulose-based materials and hydrophobic materials, the research
focus should be on improving the interface [46]. Cao, et al.
prepared a series of novel Waterborne Polyurethane (WPU),
Cellulose Nano Crystal (CNC), composites. By using Poly Capro
Lactone (PCL) as the compatibilizer, the partially pre-synthesized
WPU chain was grafted on the surface of CNCs, and the
corresponding nanocomposite was obtained by casting and
evaporation of DMF as the solvent. CNC surface grafting of the
WPU chain and PCL soft segments jointly formed the crystalline
domains; a eutectic was formed between the substrate and the
packed continuous phase, which significantly enhanced the
interface adhesion of CNC, thereby improving the thermal
stability and mechanical strength of the nanocomposites.
Although this synthesis method is time-consuming and uses
harmful solvents and needs further enhancements in uniform
dispersion of cellulosic materials and their hybrids without
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aggregation of nanocomposite forms.

Solvent casting nanocomposite synthesis methods

In  solution coagulation synthesis of cellulose-based
nanocomposite formation, silanes are efficient coupling agents to
improve interfacial interaction by creating a chemical bridge
between the material matrix and cellulose as filler to enhance the
strength of composites. Solvent casting is not a suitable method
for water-insoluble hybrid materials. The solution coagulation
method involves the precipitation of solutes by adding coagulants
(pure solvents) into well dispersion hybrid matric (solutions) and
separating the solvents and obtaining the nanocomposite
products. Unlike solution casting, solution coagulation can
effectively prevent nanoparticles from accumulating because it
avoids evaporation over a long period of time. Li, et al. prepared
Poly Butyl Succinate (PBS)/Cellulose Nano Crystal (CNC)
composites by solution coagulation with DMF as the matrix
solvent, water as the strengthening solvent, and excess water as
the coagulant. The overall crystallization rate of the
nanocomposite increased significantly due to heterogeneous
nucleation.

Free-radical polymerization nanocomposite synthesis
methods

Free-radical polymerization synthesis method involves a
combination of grafting and crosslinking by generating free
radicals to which chain growth occurs in succession [47]. The
synthesis procedure follows the generation of free radicals
(initiator, Free radicals react with the monomer to generate vacant
active sites (propagation), and the formation of a polymer
network through crosslinking (termination) [48]. This synthesis
nanocomposite materials are widely used to adsorb a wide range
of water contaminants due to their easy process ability and tailor-
made properties (Figure 3) [51-53].
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method several has several advantages; being easy to synthesize
being, not easily affected by impurities, and is a convenient
method to synthesize nanocomposite hydrogel for different
applications [49]. In free radical polymerization, grafting is the
modification of the cellulose polymer backbone using synthetic
polymers such as acrylamide, acrylic acid, methacrylamide, and
vinyl alcohol as support materials [50]. Grafting can occur via
either a chemical or radiation. Chemical grafting involves using
chemical reagents such as Ammonium Persulfate (KPS) or other
chemical initiators. Radiation grafting involves initiating free
radicals using UV visible or microwave radiation. These
synthesis methods are also used to enhance the performance of
hydrogels through the introduction of new functionalities from
grafted monomers [54]. Furthermore, Al-Gorair, et al.
synthesized pectin acrylic acid/ cellulose nanocrystal hybrid
nanocomposite by y irradiation and the results revealed that the
presence of CNCs in the polymeric matrix enhances the swelling
and adsorption properties of Pectin-PAAc/CNC. Polymer-based
nanocomposite materials are widely used to adsorb a wide range
of water contaminants due to their easy processability and tailor-
made properties

Current status of cellulose based nano composites adsorbent
The hybrid hydrogel nanocomposite materials show fascinating
physico-chemical characteristics and stable performance [55].
Today the most widely reported combination of polysaccharides
polymers (eg. Cellulose/ derivatives) with materials such as;
metal oxide, clay, polymer, and carbon materials.
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Figure 3. Nanocomposite filler with cellulose/nanocellulose.

Metal oxide- cellulose-based nano composites

Cellulose compounds appeared as aids in the assembly and
stabilization of metal oxide nanoparticles to be more stable with
good performance and, consequently, widen the application of
metal oxides for different applications has been widely reported.
Metal Oxide-Cellulose (MOC) Nano composites are an emerging
area that offers the privilege of incorporating inorganic

nanoparticles into natural-based materials for multifunctional
applications. The synthesis of MOC nanocomposites should be
carefully carried out so as to make sure that the metal oxide
nanoparticles are well dispersed within the matrices of the
cellulose so as to avoid the aggregation and extended OH groups
of Cellulose could be modified functional groups of
nanocomposites to improve their properties [56,57]. Metal oxide-



5

modified CBNCs show improved chemical stabilities, optical,
thermal, and mechanical strength, and also adsorption properties
[58-61].

Among metal oxide-cellulosic material hybrid nanocomposites,
magnetic CBNC has been attracted the intensive attention of
many researchers due to its easy separation under the external
magnetic field in adsorption technology [62,63]. Similarly, Li, et
al. synthesized MnFe,0,- Cellulose nanocomposite by in situ
chemical precipitation methods followed by tert-butyl alcohol

freeze-drying treatment at -35°C for 24 h. The as-prepared
MnFe,0, nanoparticles were well dispersed and immobilized in
the micro/nanoscale pore structure of the cellulose aerogel, and
exhibited superparamagnetic behaviour. The revealing strong
magnetic responsiveness and unique structural features of that
MnFe,0,/cellulose aerogel nanocomposite have possible uses for
recyclable adsorbent for adsorption technologies applications
(Table 1).

Table 1. Cellulosic material-metal oxide nanocomposite for adsorption removal of heavy metals.

Sample Synthesis methods Pollutant g (mg/qg) References
nanocomposite
CMC FeO Impinging a stream rotating packed bed Pb (I1) 198.8 Fan, et al. 2019
Fe;0,-CMC lon imprinting technology La (11) 61.5 Lin, et al. 2021
Fe;0,-CMC Grafting polymerization MB 34.3 Zhou, et al. 2021
CMC-cl-PAA/ Fe;0;- Free radical polymerization MB 1081.6 Malatji, et al.
C;0B 2020
ZnO/Cellulose crystal Polymerization MB 64.49 Opeyemi, et al.
2020
Fes04/nanocellulose Freeze dry method Cr (VD) 2.2 Wei, et al. 2019
Fe;04,-CMC/GO Co-precipitation methods Cu (1) 198.98 Chen, et al. 2020
CMC coated FeQ, SiO, Grafting polymerization MB 22.7 Zirak, et al. 2018
CMC.cL-PAA/Fe;0, C;0B -Magnetic clay based CMC/poly acylic acid hydrogen hydrogel nanocomposites

Clay modified cellulose-based nanocomposites

Modification of cellulose by introducing functionalized clay
components improves both the physical and chemical properties
of adsorbents [64]. The incorporation of clay into polymer

matrix enhances chemical stability in strong acids and thermal
stabilities by creating a protective barrier on the surface of
nanocomposite (Table 2) [65-68].

Table 2. Current reports of clay modified cellulose-based nanocomposite adsorbent adsorption capacity.

Adsorbent Pollutants ge (mg/qg) References
Clay-cellulose nanocomposite Cd (VI) 115.96 Abu-danso, et al. 2019
Pb (1) 389.78
Cellulose/diatomite toluene 161.43 Nefzia, et al. 2019
CMC/modified magnetic bentonite Cs (1) 80.5 Hu, et al. 2016
Sr (1) 63
Co (Il 41.1
Cellulose-bentonite zeolite Brilliant 20.71 Shamsudin, et al. 2019
green

The crystalline size of metal oxide and its dispersion on cellulosic
Materials were found to be strongly governed by the pH
conditions of the reaction solution.

Carbon-based material modified cellulose-based nano
composites
Carbon-based  hydrogel  nanocomposites are  hydrogels

synthesized by incorporating materials such as Graphene Oxide
(GO), biochar, AC, and carbon nanotubes. Highly emerging

nanocomposite was due to synergetic effects, which are
unachievable by taking cellulose nanocrystals and carbon
nanomaterials separately. Synthesized cellulose-based
nanocomposite from cationic nanocellulose and starch using
different approaches, i.e., acid hydrolysis, high-pressure
homogenization, and high-intensity ultrasonication. It was also
suggested that such cellulose-based nanocomposites have

research interest of nanocellulose- nano-carbon based potential applications in adsorption technologies (Table 3).
Table 3. Cellulosic material-carbon based hybrid/hydrogel nanocomposite adsorption removal of heavy metals.
Sample nanocomposite Experimental setup Pollutants ge References
(mg/g)
GO/CMC Co0=100 mg/L B=1.2 g/L Atrazine 158 Khawaja, et al. 2021
MWCNT-COOH-Cellulose T=25°C MB 178.57 Kalili, et al. 2018
MWCNT-COOH-cellulose- t=55 min. 208.33
MgO Np




Cellulose acetate-MOF pH=11 T=338 K Ni (I1) 41.36 Tahazadeh, et
derived porous carbon Co=50 mg/L al. 2021
Phosphorylated -CNC (water)/ pH=4.0 La (I11) 21.23

MWCNT

Phosphorylated — pH=4.0 La (I1) 47.71

CNC(urea)/ MWCNT

In another study, Sharma, et al. developed reduced graphene
oxide incorporated gun tragacanth-cl-N, N-dimethyl acrylamide
hydrogel nanocomposite by microwave-assisted synthesis
methods for adsorption removal of Hg** and Cr®" ions. It is
proved that the adsorption effectiveness of 99% and 82% were
obtained for Hg®* and Cr®* ions, respectively, confirming that the
developed adsorbents are highly efficient and can be employed
for environmental remediation applications. The developed
nanocomposites exhibited better thermal stability and interesting
mechanical features.

The combination of cellulose-based material and nanocarbon has
received tremendous interest due to the exceptional properties
and outstanding synergetic effects that these powerful
nanocomposite materials offer enhanced opportunities in water
treatment, energy, environment, optics, and photonics, medical,
biosensing, and optoelectronics. In general, the
commercialization of cellulose—carbon hybrid nanocomposite
materials need more effort and further improvements in
functionality and performance, in addition, to the decrease in the
production costs and environmental impacts another future issue
is to be resolved.

Polymer modified cellulose-based nano composite
Cellulose-based -polymeric composites are widely used as
primary supporting structures in different fields due to their

combination of excellent mechanical properties with low density.
It’s growing interest due to numerous surfaces -OH groups and
ease of surface modification, high strength, low cost, and
renewability. Polymer -cellulose-based Nano composites
adsorbents are Super-absorbents are a loosely cross-linked
network of hydrophilic polymers- cellulose that can absorb and
retain a lot of aqueous fluids, and the absorbed water is hardly
removable even under some pressure. They have high
biocompatibility, biodegradability, and water uptake capacity, as
well as low toxicity. The hydrophilic groups responsible for the
high swelling of the polymeric chains are carboxyl, amino,
amide, hydroxyl, and sulfonic. Butylina et al. were synthesized
cellulose-based nanocomposite using different concentrations of
polyvinyl alcohol (PVA; 5 and 10%) and nanocellulose. The
effect of the CNC addition was both concentration-dependent and
case-dependent. In general addition of CNC decreased the water
content of the prepared hydrogels hanocomposites, decreased the
crystallinity of the PVA, and increased the hydrogel’s
compression modulus and strength to some extent. The
performance of nanocomposite hydrogels in a cyclic compression
test was studied; the hydrogel with low PVA (5%) and high CNC
(10%) content showed totally reversible behavior after 10 cycles
(Table 4).

Table 4. Adsorption removal capacity of polymer 002 Dcellulose-based Nano composites.

Sample Experimental Pollutants Q max Kinet Isothe References
Nano setup (mg/g) ics rm

composite

Polypyrrole/ pH=4-5 Time:1 Reactive red 104.9 PSO Langm Tanzif, et al.
CMC hrs 56 uir 2020

B:0.09 g/L Reactive blue 120.7 PSO Langm

Co0:100 gm/L 160 uir

Polypyrrole/n pH =2 B =75 Cr(VI) 560 PSO Langm Alsaiari, et al.
ano- cellulose mg uir 2021
PSO-Pseudo-first-order, B-Represents the adsorbent dose

DISCUSSION

Properties of cellulose-based nano composites adsorbent

As a lot of researchers are reported physical and chemical
properties of cellulose are changed when combined in different
forms with other materials to form a cellulose-based
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Stability: Incorporation of inorganic fillers into the polymer
matrix was found to enhance the thermal stability of Nano
composite. Incorporation of nanofiller into cellulosic hydrogel
matrix enhances thermal and mechanical properties, swelling, and
adsorption capacity of the hydrogel nanocomposites (Figure 4).
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Compared with the cellulose of nanocellulose forms, cellulose-
based nanocomposites have the advantage of high stability for
excellent recycling utilization of adsorbents. Zhu, et al. reported
the stability of CMC/GO nanocomposite for adsorption removal

of MB dyes after nine consecutive cycles shows a slight decrease
of adsorption capacity from 244.99 mgeg-' to 227.02 mg.g” and
the adsorption efficiency decreases from 97.99% to 90.81%
(Figure 5).

|
Adsorption maic(%%)
BZZ: Adsorption capacity(mp/e)
20 F B % e )
Z Z Z %
Z A Z Z 7 2 Z 2 2
200+ P 7 7 7 Z Z Z Z Z
Z Z Z Z Z Z Z Z Z
Z ’ Z Z 7 Z Z Z Z
Z 7 7 7 Z 7 Z Z Z
Z Z Z Z Z Z Z Z Z
160+ 2 7 7 Z 7 Z 7 Z B
Z 7 Z Z Z 7 Z Z Z
Z Z Z Z Z 7 Z Z Z
7 Z Z Z Z Z Z Z Z
Z Z Z Z Z Z Z Z Z
120 7 Z Z 7 Z 7 Z Z Z
Z Z Z Z 7 Z Z Z Z
Z 7 Z Z Z 7 Z Z 7
?7?757572757?7?r§
UrAdddBLAAIIE B
MU GO UUUUd A U AA o
U UV U U AU VA U
WwPAHAVHUA VAU A H G
AN U UU U A U AU 9
T UAUAUUUUUHU UG UG A U A o
Z Z “RZRRZR 020 Z Z Z
MIZA_NZA_RZA_RZA NZARZRZNZR AZA MZR
1 2 3 4 s 6 7 8 9
Cycle number

Figure 5. Adsorption capacity and stability of cellulose-based Nano composite adsorbent.

Porosity: Preparation of effective cellulose- inorganic nanofillers
like metal oxide nanoparticles and clay into cellulose matric to
form nanocomposites need an appropriate component ratio for
further enhancement of surface porosity. Mukerabigwi, et al.

synthesized hydroxyethyl cellulose/diatomite (HEC-g
PAA/diatomite) nanocomposite increasing the appropriate
amount of inorganic filler to the cellulose matrix enhances the
pore volume of the nanocomposite (Table 5).

Table 5. Thermal stability and pore volumes of cellulose-based Nano composites.

Sample Thermal stability Pore volume cm/g’
HEC-g-PAA/diatomite (6.wt %) 408 -597°C with 55.92% loss 0.00442
HEC-g-PAA/diatomite (12.wt. %) 412 -597°C with 52.05% weight loss 0.000759

Furthermore, Wei, et al. reported the incorporation of the proper
amount of iron oxide nanoparticles into the cellulose matrix for
nanocomposite preparation could be beneficial to its surface
porosity improvement into cellulose-based nanocomposites and

(a) MMT
Figure 6. SEM image of Montmorillonite (MMT) and nanocomposites.

Selectivity: Most adsorbent are highly effective remediation of
target pollutant at synthetic waste but due to effect of co-existing
ions not fit for removal of pollutants form real wastewater
containing different co-existing anions and cations. Thus, an

those nanocomposites with considerable numbers of pores and a
large surface area show a good possibility of pollutants being
absorbed into these pores (Figure 6).

p. Anput i
() Nanocomposite

efficient separation step is often required prior to recovery and
removal of target pollutants effectively and interference-free of
co- existing cations and anions (Table 6).

Table 6. Selective adsorption properties of cellulose based Nano composites.

Sample nanocomposite Pollutants Qe (mg/g) Kd (mL/g) References
Cellulose/ZrO, Ni (I1) 4.95 91250.92 Khan, et al.
Nano composite Fe (111) 0.89 216.55

Zr (1V) 0.7 162.79

Cu (1) 0.58 131.22

Cd (1) 0.57 128.67

Cr (111) 0.45 99.63




Zn (1) 0.41 89.32
Co (IV) 0.36 7759
Fe;0,/CMC La (1) 225 0.124
Ni (11) 5.8 0.0302
Cu (I 5.9 0.0294 Liu, etal.
Cd (11 0.8 0.00394

Even though CBNCs adsorbent has a high capacity to be
selectively adsorbed target pollutants from aqueous solutions, its
adsorption removal was affected by co-existing cations and

Alsaiari, et al. synthesized polypyrrole/Nanocellulose Cellulose
(ppy/NC) based nanocomposite for adsorption removal of Cr (VI)
in the presence of 0.1 m interfering ion (Figure 7).

anions.

=3

=

2

=

=3

[+

Interfering ions
Figure 7. Effect of co-existing ion in adsorption removal of Cr (V1) on CBNC adsorbent.

CONCLUSION Rashid and S M Fijul Kabir (2021). Cellulose-based

This seminar reviews the fast-growing research area and
intended to highlight the up-to-date synthesis methods and
utilization of Cellulose-Based Nano Composites (CBNCs)
hybrids are not only expanded the number of applications but
also has enhanced their physical and chemical properties like
thermal and mechanical stability, selectivity, and porosity. The
development of CBNC materials is relatively a new concept,
which is mostly limited to academic discipline but is expected
that nanocomposite hybrids will certainly be commercially
available in the future. Cellulose-based nanocomposites as next-
generation materials require further improvements in
functionality and performance in addition to the reduction of
production costs and environmental impact. Organic solvents
and toxic chemicals should be replaced with greener synthesis
methods during the preparation of the cellulose-based
nanocomposites because they are harmful to the environment
and limits their actual applications to use as commercial
products.
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