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Introduction
Cellulose is the main component of lignocellulosic biomass, and it is a linear biopolymer 

formed by 100 to 14,000 glucose subunits linked by β-1,4 glycosidic bonds; the β configuration 
allows to form very long and resistant chains [1]. Between 1011 and 1012 tons of cellulose 
are produced annually, mainly from sources of plant origin. However, other organisms from 
different kingdoms are also capable of synthesizing it [2]. Cellulose can be modified on a 
nanometric scale by different methods and nanocellulose is obtained and depending on the 
source of production or method of formation, nanocellulose can be of three types: Cellulose 
Nanofibrils (CNF) [3], Cellulose Nanocrystals (CNC) [4,5], and Bacterial Nanocellulose (BNC) 
[6]. CNF and CNC are produced when mechanical and chemical processes are used respectively 
in the cellulose pulp and are defined as the set of individual nanoparticles with one dimension 
in the nanometer [7]. The BNC is an extracellular polymer synthesized by bacteria mainly of 
the genus Acetobacter [8,9]. 

It is well known that cellulose fibers have had a long tradition as a filter material [10]. 
Indeed, many of the operations that are carried out daily in a laboratory depend on the 
filtration processes that are carried out with cellulose-based filter papers. However, there 
are limitations when it comes to the removal of small molecular weight compounds [11]. 
This is why, in recent years, nanocellulose has gained considerably more attention due to 
its outstanding mechanical and chemical properties [12] coupled with its low cost, natural 
abundance and biocompatibility [13]. That is why in this mini-review a series of works related 
to the subject is presented, where the various investigations where nanocellulose-based 
materials have been used for the removal of contaminants in the water are analyzed.
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Abstract
Water is an essential element for the existence of life and therefore it is an important issue. Due to the 
diversity of contaminants that can occur in drinking water, water treatment systems are very diverse; 
within these is the use of adsorbent and filter materials. The objective of this review is to give an 
overview of the use of nanocellulose-based materials in the removal of contaminants present in water. In 
general, it has been seen that for a better performance of nanocellulose-based materials for applications 
in membranes or as an adsorbent, good compatibility between the nanocellulose and the matrix with 
other polymers is necessary. In addition, the interconnection and formation of networks between 
fibers increase the porosity and consequently the flow of water. However, it is a significant challenge to 
maintain the structural integrity of the membrane without compromising water flow and contaminant 
removal efficiency. Modified nanocellulose derivatives allow the formation of active sites that show a 
higher affinity towards contaminant molecules through van der Waal forces, electrostatic interaction and 
hydrogen bonds. These active sites play a vital role in the adsorption of various contaminants, including 
heavy metal ions, toxic dyes, oils, unwanted salts, etc.

Keywords: Biomaterials; Adsorption; Filtration; Chemical modification; Water contaminants

http://dx.doi.org/10.31031/PSPRJ.2022.03.000575
https://crimsonpublishers.com/psprj/


2

Polymer Sci Peer Rev J

PSPRJ.000575. 3(5).2022

      Copyright © Belkis Sulbarán-Rangel

Nanocellulose in Contaminant Removal
Conventional water treatment techniques such as 

sedimentation, flocculation, coagulation, and activated carbon 
cannot effectively remove all contaminants present in water. 
Therefore, the need for a continuous search for new advanced 
materials for water treatment continues [14]. Nanocellulose is an 
excellent and sustainable material that can be surface modified to 
remove specific contaminants from water due to the presence of 
hydroxyl groups in its structure (Figure 1) [15]. It is possible to 
remove various contaminants in the water, such as bacteria, viruses, 
dyes, heavy metals, etc., through electrostatic attraction through 
the incorporation of various chemical functionalities [16]. Recent 
research has shown that nanocellulose can be an alternative in water 
purification systems. Several recent publications have reported 

the use of CNC modified with 2,2,6,6-tetramethylpireridine-1-oxyl 
(TEMPO) and amination, mixed with composite polymers such 
as Polyethersulfone (PES) and polyamide. In the case of CNC and 
polyamide-made membrane, these became rougher and more 
hydrophilic, which would lead to a higher yield compared to the 
control without CNC. By increasing the amount of CNC in the 
membranes, the water flux increased significantly by about 35% 
and the removal of salts such as Na2SO4 remained above 98% 
and that of MgSO4 above 96%, demonstrating good compatibility 
between the CNC and the polyamide matrix [17]. Jonoobi et al. 
prepared and characterized CNC-based composite membranes 
functionalized with amines and Polyethersulfone (PES) and 
determined a reduction in chemical oxygen demand and removal of 
color from wastewater, a by-product of the liquor industry.

Figure 1: Chemical structure of cellulose. The red circles indicate the hydroxyl groups [15].

Bacterial nanocellulose has also been used to make water 
remediation systems to adsorb heavy metals, oils, and dyes. The 
BNC and Polydopamine (PDA) are fabricate scalable and reusable 
films capable of adsorbing toxic dyes such as rhodamine 6G, methyl 
orange, methylene blue, and heavy metal ions [18]. Other studies 
have reported wood-derived nanopaper and bacterial cellulose in 
an ultrafiltration system for water purification, concluding that the 
size of the pores and the permeate in an ultrafiltration membrane can 
be controlled by using different types of nanocellulose fibrils [11]. 
Another interesting study is the one reported the fabricated of cross-
linked membranes forming a three-dimensional network composed 
of BNC and poly 2-methacryloyloxyethylphosphorylcholine 
(P-MPC). P-MPC is a non-toxic polymer due to its methacrylic 
functional group and its zwitterionic phosphorylcholine moiety, 
which consisted of a trimethylammonium cation and a phosphate 
anion, makes membranes develop bioinert, antimicrobial and 
antifouling properties [19].

Membranes Composed of Nanocellulose and Other 
Polymers

In the same way, microfiltration membranes based on cellulose 
nanofibers composed of polyacrylonitrile and electrospun 
polyethylene terephthalate have been developed, for the 
elimination of bacteria, viruses and heavy metals. After filtration, 
the authors showed complete removal of Escherichia coli bacteria, 
these membranes also exhibited an adsorption capacity of 100mg 
chromium and 260mg lead and a log reduction value of 4 for MS2 
virus removal [20]. Other TEMPO oxidation cellulose nanofiber 
membranes were developed to perform MS2 bacteriophage tests 
and demonstrated that TEMPO NFCs have a high virus adsorption 

capacity, which they attributed to the surface volume ratio and the 
negatively charged surface of NFCs [21]. Other authors reported 
on the use of jute cellulose nanofiber membranes compounded 
with polyacrylonitrile for wastewater purification; filtered silica 
nanoparticles and oil/water separation, concluding that after 
filtration, the membranes successfully removed silica nanoparticles 
from 7 to 40nm. In addition, they showed that composite NFC 
membranes exhibited 99.5% rejection against the oil/water 
mixture. In addition, they observed that the concentration of oil 
in the filter was less than 5.5ppm, this value complied with the 
environmental standards for the discharge of residual water, which 
is reported to be (<10ppm) [22].

Likewise, agave bagasse cellulose nanofiber membranes 
prepared with TEMPO oxidation have been studied, in a 
water purification process, for the elimination of an emerging 
contaminant (ciprofloxacin) and they verified that the nanofibers 
could remove the 27.7% of the contaminant [23]. Nanocellulose has 
also been used to remove dyes and toxic contaminants from water. 
Membranes prepared with a double layer of Graphene Oxide (GO) 
and one of CNF without using any chemical crosslinkers. In this 
investigation, they observed that with the incorporation of a layer 
of GO sheets on the CNF membrane and through the sequential 
filtration of water, the performance of the membrane improved. 
These membranes also showed dye filtration greater than 90%. 
It had also been observed that the use of a thin layer of GO as a 
functional layer in CNF could provide synergistic membranes 
mainly due to the strong interactions between the two, due to 
the formation of inclusive networks of inter- and intra-molecular 
hydrogen bonds [24]. The manufacture and use of a membrane 
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from carbonized cellulose nanofibers have been reported, showing 
that carbonized CNF membranes were able to remove methylene 
blue efficiently [25]. In our research, the preparation of electrospun 
organic membranes from CNF obtained from agave bagasse fibers 
and Polycaprolactone (PCL) has been reported. In this investigation, 
it was reported that the adsorption of heavy metals was due to the 
negative surface charge of the membranes, and the turbidity and 
conductivity of water for human consumption were also reduced. 
Electrospun PCL50:NFC50 membranes not only removed 100% of 
conductivity and turbidity but also successfully removed a good 
percentage of heavy metals (Cr=99% and Fe=75%) that were 
present in tap water [26].

Conclusion
The applications of nanocellulose as a base for materials used in 

water purification and remediation are considered to be advancing 
every day since it has been shown that these nanomaterials can be 
used in current technologies and even complement conventional 
ones. The research highlighted in this review suggests that 
nanocellulose shows excellent compatibility with other polymers 
and the processing requirements for preparing nanocellulose-
based composites are minimal. Since water quality is a global 
concern, the use of natural and sustainable materials is essential 
to obtain high-value products that can remediate water systems 
without generating other sources of pollution or requiring extra 
energy inputs or high secondary costs. Filtration systems can often 
provide an ideal alternative to conventional water treatment. The 
inherent variety of functional groups possessed by nanocellulose 
provides better interaction with certain types of contaminants. 
Thus, nanocellulose-based materials have been used to generate 
filtration and adsorption systems, among other options in water 
treatment.
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