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Summary. Cellulose-containing waste from the agricultural industry modified by chemical methods
is capable of adsorbing metal ions no worse than industrial sorbents (ion exchangers, activated
carbons, zeolites, etc.). A wide range of methods for modifying plant raw materials makes it possible
to obtain effective sorbents that are environmentally friendly and biologically inert. Proposed
technologies of lignocellulosic sorbent manufacturing are highly economically feasible and,
additionally, eco-friendly, because they ensure the proper utilization of agricultural wastes, which
are very widespread in Ukraine.
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Among the substances that harm the environment and human health, the
greatest prevalence and danger are heavy metals. The infiltration of these toxicants
into the water comes from both man-made and various sources. Sources of manmade pollution are multifaceted, but the main ones are wastewater of man-made
origin. Estimates of the number of heavy metals discharged into wastewater are
contradictory, but in general, indicate not only catastrophic pollution of the
environment but also a wasteful treatment of natural resources. To remove heavy
metals from aqueous media, it is proposed to use the method of adsorption using
cellulose-containing sorbents [1].
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Despite the undeniable advantages of polymeric cellulose-containing sorbents,
such as cheapness, availability, biological inertness concerning the media to be
cleaned, and the ability to biodegrade in the environment, they usually have low
kinetic characteristics and relatively low sorption capacity. Therefore, the task of
creating new high-performance sorbents based on cellulose by various methods of
modification using available inexpensive reagents and simple technological
operations is urgent [2].
The main methods of activation of cellulose-containing sorbents are
mechanical, physical, chemical, and physic-chemical. A promising area of sorbent
processing is the use of methods of nano- and biotechnology [3].
The most common physical modification methods are exposed to high
temperatures, superheated steam treatment, freezing, extrusion, plasma activation,
microwave radiation, exposure to ultrasound and infrared radiation [4]. The
possibility of using as sorbents heat-treated waste of different industries: wheat husk
and sunflower husk, as well as wood sawdust, was investigated. The maximum effect
of removal of heavy metal ions is achieved by holding the raw material at a
temperature of 300 °C for 1 hour: the degree of extraction of Zn2+, Cu2+, and Cd2+
ions obtained by sorbents reaches 99.8%. Under the influence of high temperatures
(300–600 ºС), rice husk was also processed to obtain a sorbent. It is shown that firing
conditions significantly affect the absorption capacity of the studied samples.
Processing of crushed pine nutshell (waste of cedar oil production), predegreased and impregnated with water, at low temperatures (–20…–18 °C) with
subsequent removal of water at a temperature of 130 °C leads to rupture of cell
walls of plant tissue, increases the area of the adsorbing surface and the proportion
of macro and mesopores in the material. As a result, the sorption capacity of the
material increases 4 times [5].
Chemical modification of lignocellulosic plant biomaterials is most often used
due to the availability, relatively low cost of chemical reagents, and selectivity of the
process itself, as well as the possibility of creating sorption materials that are
selective for metal ions of a certain type [6].
There are mainly two main approaches to convert cellulose into a biosorbent
capable of efficiently removing heavy metal ions from aqueous solutions.
The first of these approaches is based on methods that involve a direct change
in the cellulose macromolecule, which leads to the creation in its structure of
functional groups capable of chelation or ion exchange with heavy metal ions from
the solution. The first approach includes operations such as delignification,
hydrolysis, oxidation, the addition of carboxyl, nitro, phosphate, amino groups, and
using a variety of reagents: alkali solutions (sodium, potassium, or calcium
hydroxides), salts, minerals, salt, salt phosphate (sulfuric) and organic acids (tartaric,
citric). Polysaccharide materials of plant origin contain cellulose, hemicellulose, lignin,
pectin, proteins, and others [7].
Treatment with chemical reagents allows to remove lignin, hemicellulose,
reduce the crystallinity of cellulose and increase the porosity and specific surface
area of such materials, increasing their sorption capacity relative to metal ions. In the
process of treatment with alkaline reagents, substances that dissolve in alkalis are
removed, which leads to an increase in the sorption of heavy metal ions. When using
All rights reserved | Creative Commons Attribution 4.0 International License
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Material

Modification method
(chemical reagent)

Hazelnut shell
Sugarcane
millcake

Ultrasound exposure

Cellulose

NaOH

Cherry stones
Date palm
stones

Oxidation (O3, H2O2, HNO3)

Rice husk

H2SO4

Pine bumps
Aspen wood
2021

Microwave radiation

HNO3

Fenton's reagent
(H2O2+FeSO4)
Bleaching, hydrolysis

Removable
ions
Cu2+
Cu2+
Hg2+
Cu2+
Cd2+
Pb2+
Cu2+
Pb2+
Cd2+
Zn2+
Hg2+
Cd2+
Pb2+
Cu2+

Sorption capacity
mg/g

mmol/g

239
76
481
30
86
206
4–28
100–160
110–160
11–12
100–120
2–11
2–10
0.9–2.2

4.5
1,2
2.4
0.47
0.77
0.99
0.06–0.44
0.48–0.77
0.98–1.4
0.17–0.18
0.50–0.60
0.02–0.10
0.01–0.05
0.01–0.04

Reference
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
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rice husk treated with NaOH solution, the adsorption of Cd2+ ions is almost doubled,
from 4 to 7 mg/g [8].
In the wood process, sawdust processing was found [9] that its sorption
capacity increased 2.5 times towards Cu2+ ions and 15 times to Zn2+ ions. The values
of the limiting sorption capacity found by the Langmuir model were 6.92 mg/g
(sawdust from poplar wood) and 12.7 mg/g (spruce sawdust) for copper and 15.83
mg/g (sawdust from poplar wood) and 13.41 mg/g (spruce sawdust) for zinc.
According to the authors, this effect is achieved by increasing the availability of
sorption centers on the surface of sawdust.
Treatment of wheat bran with sulfuric acid does a significant effect on the
growth of the specific surface area of the material, which led to increased efficiency
of sorption of ions Cu2+, Pb2+, and Cd2+. The sorption capacity of the modified bran
decreased in the range: Cd2+>Pb2+>Cu2+ and amounted to 101, 55.5, and 51.5 mg/g,
respectively. The authors suggest that acid treatment leads to an increase in the
specific surface area due to the conversion of macropores into micropores [10].
For chemical modification of plant raw materials, orthophosphate acid can be
used as a stand-alone reagent, but more often it is used in combination with other
compounds [11]. When using as reagents solutions containing orthophosphate acid
in a mixture with urea or dimethylformamide on the surface of cellulose-containing
materials, along with residual aldehyde and carboxyl groups, phosphate and primary
amino groups are formed, which causes an increase in their sorption capacity.
For chemical modification of plant raw materials, orthophosphate acid can be
used as a stand-alone reagent, but more often it is used in combination with other
compounds [12]. When solutions containing orthophosphate acid in a mixture with
urea or dimethylformamide are used as reagents on the surface of cellulosecontaining materials, along with residual aldehyde and carboxyl groups, phosphoric
acid and primary amino groups are formed, which causes an increase in their
sorption capacity.
Common methods of chemical modification of cellulose are shown in the table.
Table
Methods for chemical modification of cellulose
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Based on the above, scientific substantiation and development of sorption
technology for purification of liquid aqueous media from heavy metal ions to the
level of maximum permissible concentrations following hygienic requirements for
water quality is an urgent task and requires further research to select the most
effective sorbent and increase its sorption capacity.
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