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DEVELOPMENT OF A METHOD FOR
OBTAINING SORBENT FROM BAGASSE OF
SWEET SORGHUM FOR NEUTRALIZATION
OF SOIL CONTAMINATION BY HEAVY
METAL IONS

O6’cxmom docnioxcenn € nPOMUCILOBE 810X00U POCIUNHOL CUPOBUHU COP20 UYKPOB020 (LizHnouentono3na bazaca)
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nie. Tpaduuiiino modugixayis pociunnoi cuposunu 3 ompumanmsim copbenmis nepedbauac oxucnenns (2i0ponis)
POCIUNI020 Mamepiany nid i€l CULLHUX MIHEPATLHUX KUCIOM Npu SUCOKIU memnepamypi. Ilicis xuciommoi
06po0KU NPOBOOAMb IYKHCHE AKMUBYEANHs MA 0AzaMOPA306e NPOMUBAHH COpOenmy 00 HeUmpaivioi peaxuii
npomusnux 600. lpu ypomy euxio copbenmy cmanosums 20—30 % 6id macu cuposunu. Kpin mozo, ymeoproemuvcs
3Hauna Kinvkicmv npodyxmis poskiadanns i 6eauxi 00’emu wriorueux cmiunux 600. Tomy 6 x00i docaioxncenist Onst
ompumaiist Copoenmy GUKOPUCTOBYBALU MEMOO Mepcepusauii — 06pooKa Niznoue010310i 6azacu posuuHoM iyezy.

Ton061UMU CKAAD0BUMU KOMNOHEHMAMU JiZHOUENION03HOT Oazacu € NizHin i 4eloN03a, wWo 36 ’a3ami iy Gionorimepmi
Komnaexcu. B neobpobnenomy euzisdi eonu maiomv caabki copbuiini eracmueocmi uepes gibpunapiy 6yodoey
Ma HUSLKULL 6MICTN 6 HUX GLALHUX DYHKUIOHATLHUX 2pYyn. 3a YMO8 nposedenis npouecy mepcepusayii 6i00yea-
EMBCSL UACMKOBO PYLUHAYLA MONCKYIAPHUX 36 A3KI6 MIdC 600KOH GI0NONIMEPIe 1 nepexio y po3uul HU3bKOMOJLe-
Kyasapnux ppaxyii noricaxapudie. Cmpyxmypuuii Kapkac iiznoueionio3noi Mampuyi npu ybomy 36epizacmocs,
a 1020 30amuicmo 00 nabpaxanns — 3pocmae. 30epizacmvpCs UIAICHICMb, POCAUHHT BOIOKHA NOKPAYIOMb C80I0
cmpyxmypno-nopyeamy 6yoosy 3a PaxyHox 36ivuenis eHympiumvoi adcopoyiiinoi nosepxui. Onmumarviumu
ymosamu npovecy mepcepusauii € 2iopomodyan 1:10 npu nouamrosii xonyenmpauii ayey 120 z2/n. Maxcumanvii
geauuuny copbyii ionie saxckux memanie séinvuyromocs y 2—3 pasu. Buxio copbenmy docsizac 60—80 %. Kpim
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mozo, nepesazamit ubozo cnocody € GIOCYMHICTNG WKIOIUBUX CTNIUHUX 600.
Pospobaenuii cnocib moice 3acmocosysamucst 08 nepepobianis 610x0016 i inuloi pocaunnoi cuposunu (Kyxypy-
031, COMAUWHUKY, UYKPOBOT MPOCMUNL, MOWO ), & OMPUMYBANUTL COPOEH. — I AZPOMEXHONO0ZIAX O ZHEUKOONCEHN

IPYHmMie 3a0pyoHeHux iI0HaMU BANCKUX MEMAIE.

KmouoEi cnosa: vepcepusaiyis 6i0xo0y, copbenm Ons OuUmeHHs TPYHMIG, COP20 UYKPOse, IizHOUe 0103Ha bazacd.

1. Introduction

The key to successful development of the country is
the preservation and restoration of the environment: soil,
air, natural sources of water, flora and fauna. It is known
that the accumulation of toxic heavy metals in soils and
depressing their interaction with soil microflora negatively
affects the productivity of land and the quality of agricul-
tural production [1].

To neutralize contaminated soils using the following
methods of cleaning [2—4]:

1. Mechanical — removing contaminated soil and trans-
porting it to burial sites. The disadvantage of the method
is that the pollutants simply move to another place where
they should be controlled, and during removal and trans-
portation it is possible that the contamination spreads by
spraying the soil. In addition, this method is expensive.

2. Biological — growing on polluted soils of certain
plants (phytoremediation). This method is much cheaper,
but takes much more time. In addition, the plant biomass
accumulating toxicant must be disposed of or buried.

3. Adsorption — adding chemicals to the soil, transfer
soluble forms of pollutants to less dangerous insoluble
materials. This method of fixing and stabilizing toxicants

does not form waste and is the most environmentally
acceptable. Therefore, recently, in some publications, the
question of a possible improvement of the ecological con-
dition and productivity of earth lands has been raised by
using various types of sorbents in one form or another [5].

In the countries of Western Europe, they are manufac-
tured in industrial volumes and have a number of sorbing
materials of specific action, mainly on a mineral basis, for
use in agriculture [6]. Known work on the use of mineral
fertilizers and zeolites to reduce the transition of heavy
metals in plants [7].

Previously, phyto-sorption methods were developed,
which were based on the use of sorbents, microbiota and
a number of plants to clean the soil from radionuclides [8].
Meanwhile, an integrated approach, which would include
the use of chemically modified sorbents for separating
heavy metals from their soil and storing them firmly in
their pores (in particular, cadmium, lead and strontium),
has never been used to date.

Thus, the development of new sorption technological
measures and materials seems to be relevant from the point
of view of environmental conservation and the develop-
ment of efficient farming, and in fact, a strategic task,
protecting the national interests of Ukraine.

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 1/3(45), 2019, © Grygorenko N., Kupchik L., Stangeeva N.

g—)



CHEMICAL ENGINEERING:
( ECOLOGY AND ENVIRONMENTAL TECHNOLOGY

I55N 2226-3780

Therefore, there is an urgent need to find and develop
new innovative technologies for obtaining plant sorbents,
the use of which in agricultural production will signifi-
cantly reduce the anthropogenic load on the environment.

2. The ohject of research
and its technological audit

The object of research is the industrial waste of plant
raw materials of sweet sorghum (lignocellulosic bagasse)
and a modified sorbent created on its basis for cleaning
soils contaminated with heavy metal ions.

A promising raw material for sorbents is desulphurized
lignocellulosic bagasse of sweet sorghum stems, which re-
mains after the production of sugar-containing products
and the output of which is about half of the total ini-
tial mass of stems. It is necessary to take into account
the economic importance of the processing of cheap raw
materials, which is a waste of production and in the fu-
ture has no practical use. Therefore, in the conditions of
complex processing of biomass sorghum in a closed cycle,
it is possible to obtain highly profitable production with
a significant reduction in consumables. Such production
involves the production of sugar-containing products for
the food industry from the juice of the stems, and from
the production wastes — an environmental sorbent.

The study used desulphurized crushed lignocellulosic ba-
gasse (feedstock) and mercerized lignocellulosic bagasse, which
was obtained by chemical modification of the feedstock.

Technological parameters of lignocellulosic bagasse:
average particle size of 5-8 mm, moisture content 4 %,
cellulose 39.2 %, lignin 14.4 %.

One of the most problematic places in the technology
of edible sugar-containing products from sweet sorghum is
a significant amount of waste — desulphurized lignocellulosic
bagasse. This care is now not used at all, or partially used
as fuel. Another problem is significant soil contamination
with heavy metal ions, which can migrate to plant products.

3. The aim and ohjectives of research

The aim of this research is development of a method for
chemical processing of waste plant sorghum.

To achieve this aim it is necessary to perform the fol-
lowing tasks:

1. To investigate the conditions of the mercerization
process of sweet sorghum lignocellulosic bagasse.

2. To determine the structural-porous and ion-exchange
properties of the initial and mercerized bagasse, as well as
to investigate the morphological and chemical structure
of their surface.

3. To investigate the sorption-kinetic properties of the
initial and mercerized bagasse with respect to the ions
Cd?*, Pb%*" and Sr%'.

4. Research of existing solutions
of the prohlem

It is known that sorption methods for cleaning soils
are the most simple, affordable and effective, where cheap
plant waste generated directly in agricultural production
is used as sorbents: meal, husk, bran, sawdust [9].

Large-scale industrial waste of sorghum biomass can
also be used to obtain materials on their basis with high

sorption characteristics for binding toxic heavy metals in
soils [10, 11].

Traditionally, the technology of obtaining sorbents from
plant materials involves the oxidation (hydrolysis) of plant
material under the action of strong mineral acids at high
temperature. After acid treatment, alkaline activation and
repeated washing to neutral reaction of wash water, etc.,
is carried out [12]. With this cultivation, the sorbent
yield is 20-30 %, at the same time, a significant amount
of decomposition products and large volumes of harmful
wastewater are formed, which pollute the environment
and require the use of expensive anticorrosion equipment.

With this in mind, there is a need to search for less
costly and environmentally friendly technologies for pro-
cessing plant biopolymers to obtain sorbents.

An alternative way to obtain sorbents can be the treat-
ment of lignocellulosic plant biopolymers with alkali solu-
tion (mercerization) [13]. This method is rather actively
used for processing cellulose fiber of coniferous woods, as
well as cotton in the paper industry [14, 15].

When processing waste plant materials with alkali, partial
destruction of molecular bonds between biopolymer fibers
and transition of low molecular weight polysaccharide frac-
tions is observed, the structural frame of the lignocellulosic
matrix is preserved, and its ability to swell increases [16].
An important change from the point of view of sorbent
production is that while preserving the integrity, the plant
fibers improve their structurally porous structure by in-
creasing the internal adsorption surface [17, 18].

In addition, the main advantages of this method of ob-
taining a sorbent are its simplicity in hardware design, low
water consumption and the absence of harmful wastewater.

Summing up the above analysis of literary sources,
let’s believe that a promising direction of improving the
technology of manufacturing plant sorbents is a method
of obtaining a sorbent for toxic metal ions by mercerizing
lignocellulose from sweet sorghum.

5. Methods of research

As a source of raw materials, desulphurized air-dried ground
lignocellulosic bagasse of sweet sorghum (Sorghum Sacchara-
tum (L.) Moench) with an average particle size of 5-8 mm
and a moisture content of 4 % was used. The pulp content
in the feedstock sorghum was 39.2 %, and the lignin content
was 14.4 %. Mercerized lignocellulosic bagasse product was
obtained by chemically modifying the raw material with an
aqueous solution of sodium hydroxide with a concentration
of 120 g/l at a temperature of 10—15 °C for 60 minutes in
different ratios of the solid phase in a liquid (hydromodule).

In the study of the structural-porous, sorption, and
ion-exchange properties of the initial and modified lig-
nocellulosic bagasse, both standard and special methods
were used. Thus, the values of the static exchange capa-
city (SEC, mg-eq/g) were determined according to the
standard by the sorption value of 0.1 zHCI solution and
0.1 nNaOH solution [19]. The morphological structure of
the initial and mercerized lignocellulosic bagasse samples
was studied using the SEM (Scanning Electron Micros-
copy) method under the condition that the samples were
prepared according to the procedure [20]. Micrographs
of the studied samples were taken on a JEOL electron
microscope model JSM-5500LV (Japan) with a dispersion
energy analyzer EDS/EDX/EDAX and ESEM.
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The chemical structure of the surface of mercerized
bagasse and the determination of functional groups on its
surface was investigated by infrared (IR) spectroscopy on
a Nicolet NEXUSFT-IR spectrometer (USA) with a built-
in diffuse reflectance device SMART Collector.

Sorption experiments were carried out under static
conditions from model solutions of ground washings con-
taminated with heavy metal ions according to [21, 22].

The concentration of heavy metal ions was determined
on an atomic adsorption spectrometer KAS-1 (SELMA)
(Ukraine) after atomization of the sample in an air-acetylene
flame. The method is based on the property of atoms in
the ground state to absorb light of specific and specific
for each type of atom wavelength.

6. Research results

Secondary raw material is used — lignocellulosic de-
sugared bagasse, which remains after the production of
sugar-containing products. The main components of ba-
gasse are cellulose and lignin, connected to biopolymer
complexes, which in their unprocessed form have weak
sorption properties through the fibrillar structure and
low content of free functional groups in them. Under the
conditions of the mercerization process of these mate-
rials, their morphological structure and physico-chemical
characteristics are improved.

So, Table 1 shows the data characterizing the struc-
tural-porous and ion-exchange properties of the initial and
mercerized alkali (concentration of 120 g/1) bagasse (at
different hydromodule processing).

Tahle 1
Characteristics of the properties of the original
and mercerized bagasse
Specific | Swelling Static ex- Static ex-
Sorbent
Hydro- | bulk den- | degree |change capa- | change capa- .
) . . + X _ yield,
module sity, in water, | city for Na*, | city for CI, o
3 %
g/cm a/g mg-eq/g mg-eq/g
Original | 45 48 0.45 0.12 -
bagasse
1:5 0.26 59 1.38 0.45 87
1:10 0.16 6.8 1.44 0.38 64
1:20 0.12 12.5 1.65 0.41 59

From the obtained results it can be seen that in the
process of mercerizing the raw material part of the mate-
rial goes into solution, the specific bulk density decreases
1.5-2.5 times. The yield of the finished sorbent is 60—80 %
of the initial amount of raw materials and is reduced only
in the case of using the maximum hydraulic module.

The results of titration of sorbents with mercerized
bagasse of 0.1 nHCI and 0.1 nNaOH indicate a fairly
high value of the static exchange capacity for both alkali
metal cations and chlorine anions. The static exchange
capacity (SEC) for Na® cations is 0.45 mg-eq/g for un-
treated bagasse. This indicates the presence of protogenic
groups in the raw material, most likely of alcohol type.
As a result of bagasse mercerization, SEC of the material
increases both in CI~ anions and in Na® cations. This
creates prerequisites for enhancing its sorption activity
in ion-exchange and complex-forming sorption of multiply

charged transition and heavy metals, including toxic Cd?",
Pb2*, Sr?*.

Confirmation of these results is studies that charac-
terize the morphological structure of the surface of the
original and mercerized bagasse (Fig. 1, 2).

Fig. 2. Microphotos of the mercerized bagasse surface

So, in Fig. 1, the cellular structure of the material is
not observed, probably because the bagasse has undergone
pre-pressing and drying. The micrograph shows filaments
of cellulose and lignin globules, which form a rather dense
porosity, which prevents access of the sorbate to the surface
formations. Fig. 2 clearly shows the relief of the bagasse
surface after mercerization, which indicates the effective-
ness of such processing. It can be seen that the pores
have a shape that is close to cylindrical and spherical,
but this feature is not observed on the entire surface of
the sample. The preferred pore size is 10—18 nm, which,
according to the international classification, makes it pos-
sible to classify the obtained sorbents into the meso- and
micro-porous class [23].

Thus, comparative microscopic studies of the surface
of the original and mercerized bagasse allow to see the
changes in the surface of the mercerized bagasse, indicating
the effectiveness of the bagasse modification by means of
alkaline treatment. An increase in porosity and an effec-
tive contact surface should contribute to an increase in
the adsorption characteristics of the obtained sorbents.

The chemical structure of the surface of mercerized
bagasse and the determination of functional groups on
its surface was investigated by IR spectroscopy. A sample
of the sorbent was weighed, mixed with KBr powder in
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a mass ratio of 1:20, and ground in a mortar until homo-
geneous. The spectra were recorded in the range from 400
to 4000 cm™! and were decoded according to the method
of IR-spectroscopy for the analysis of plant materials [24].
Absorption bands characterizing its total chemical composi-
tion were detected in all spectra of the investigated sample.

It should be noted that the complex structure of plant
material makes it difficult to analyze and only makes it
possible to determine the main components of the surface
of the mercerized bagasse, since the areas of reflection
and absorption can overlap or shift. Fig. 3 represents the
dependence of the reflection of electrons (%) on the mag-
nitude inverse of the wavelength 1/A (wave number).

Special attention is attracted by the region of defor-
mation vibrations 1450—1650 cm~!, where there are four
peaks, indicating the presence of aromatic structures on
the surface. They are formed by vibrations of sesquialteral
carbon ties. If consider in more detail the first peak in
the region of 1600 cm™!, then it is possible to assume
that the atoms of the aromatic ring are replaced. In this
case, it can be seen that the peak is shifted to the region
of 1650-1585 cm™~!, which indicates a three asymmetrical
substitute. This is also confirmed by a peak in the region
of 1525-1475 cm~!. A complex pattern takes place in an
area below 700 cm~!. However, the reflection band near
750 ¢cm~' confirms the presence of a substitute at posi-
tion 1, 2, 4 with another unsubstituted hydrogen in po-
sition 3. The reflection in the region of 1110-1070 cm™!
indicates replacement in positions 1, 2, 3 and 1, 3, 5.

In the region of 650-810 cm™, the presence of a field
of cyclic compounds can be determined; however, this
interpretation will not be entirely accurate due to the
presence of overlapping spectra.

Deformational vibrations in the region of 750—650 cm ™"
result from the presence of bound groups (—OH) and give
very wide bands. Reflection in the area of 1000-1075 c¢cm™!
indicate a substitution in the group (-OH). The reflec-

54
534
527
517
50 1
491
48
471
46 4
451
44+
43
424
41

Transmittance, %

40 1
391
38 -

b

tion in the region of 1180 c¢cm™' usually corresponds to
deformation oscillations (—OH).

The presence of carboxyl groups (~COOH) on the sur-
face was established by a peak in the region of 950 cm™!,
which corresponds to the deformation vibrations (-OH)
of the carboxyl groups. In the region of 1400—1440 cm™,
stretching vibrations (C—Q) are observed, which corres-
ponds to carboxyl groups. Also, a peak corresponding to
cyclic anhydride is observed in the vicinity of 1850 cm™;
it is associated with the vibration of carbonyl groups (C=0).
Absorption in the region of 1380 cm™! corresponds to the
aldehyde-type radical (-RCOH). A radical in this case
may be a cyclic connection. The presence of aldehyde
groups is also confirmed by vibrations (C—H) with two
bands in the region of 2860-2900 cm~!. The absorption
peak in the 1760 cm™! region corresponds to the vibra-
tions of a group of atoms (—COOH) in dimeric molecules.

A complex picture is observed in an area of approxi-
mately 3000 cm~!. This band gives three or more bands
for cyclic compounds and their characteristic vibrations
(=C-H). The presence of a large number of excitations
in the region of 3300-3650 cm™! complicates the inter-
pretation of this region, but it can be said that almost
all of it correspond to the fluctuations of amines (RNHy).

Thus, the analysis of micrographs of the source and
mercerized bagasse showed that as a result of chemical
modification of the raw material, a change in the structural-
porous structure of the material occurs. At the same time,
due to partial hydrolysis and <«loosening» of plant fibers
of bagasse and improving access to functional groups, the
ability of the material to the addition, complexation and
ion exchange reactions increases. At the same time, the
IR spectral analysis made it possible to establish the pre-
sence of hydrophilic functional groups of the alcohol and
acid types substituted by metal ions (mainly sodium). The
material also found amino groups, which indicates the
presence of amino acids in mercerized bagasse.

3500 3000 2500

2000 1500 1000

Wave number, cm™!

Fig. 3. IR spectral analysis of the mercerized bagasse sample
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At the next stage, the sorption activity of mercerized
bagasse with respect to Cd**, Pb?* and Sr?* ions was in-
vestigated.

The study of the sorption process of toxic heavy metal
ions, native and mercerized rich, was carried out under
static conditions from model water washouts of soils con-
taminated with lead, cadmium and strontium ions. The
method of sorption experiments envisaged the addition of
0.5 g of sorbents to the model solutions (with an initial
concentration of heavy metals in them 5 mmol/1) and
content on a shaker for a certain time at a temperature
of 20 °C. During sorption every 20 min the suspension
was filtered, the content of heavy metal ions in the filtrate
was determined by atomic adsorption spectrometry. The
number of sorptionally withdrawn heavy metals (A, mmol /g)
was calculated by the formula:

(CU _Cp)' 4

A== 000

(1)

where C,, C, — the concentration of heavy metal ions
(initial and equilibrium), mmol/l; V — the volume of solu-
tion, ml; m — the sorbent sample weight.

Fig. 4, 5 show the kinetic characteristics of the sorp-
tion extraction of heavy metal ions of the original and
mercerized bagasse.

1

0.8

0.6

a, mmol/g

0.4

0.2 1

0 20 40 .60 80 100
t, min

Fig. 4. Sorption kinetics of ions of heavy metals of the original bagasse:

¢ — Pb%*; m — Cd?"; A — 5r2*

2.5 /

a, mmol/g
TN

100

t, min

Fig. 5. Sorption kinetics of ions of heavy metals of the mercerized
bagasse: ¢ — Pb%"; m — Cd®*; A — 5r®*

From the obtained kinetic curves for the initial bagasse
(Fig. 4), it can be seen that the sorption equilibrium in
the system occurs within 60—80 minutes. The maximum
sorption capacity for Pb?" is about 0.85 mmol /g, for Cd** —
0.37 mmol/g, and for Sr?* — 0.20 mmol/h. These data
indicate that the native bagasse has low sorption-kinetic
properties.

The study of the kinetic properties of mercerized bagasse
during the sorption of heavy metal ions from groundwater

washings (Fig. 5) showed that sorption equilibrium occurs
approximately twice as fast, and the maximum sorption
values increase by a factor of 2—3. The results of these
experiments indicate that mercerizing the bagasse signifi-
cantly changes the composition of the functional groups and
the ion-exchange properties of the surface of the obtained
samples, thus affecting their sorption capacity. Sorbents
obtained by mercerizing bagasse have a higher sorption
capacity with respect to heavy metal ions as compared
to untreated bagasse.

Studies have shown that the existing problem of con-
taminated soils in Ukraine exists. Chemical pollutants can
persist in the soil for many years and, including in ecologi-
cal chains, cause long-term effects of toxicants. According
to the National Science Center «Institute of Agriculture
of the NAAS» (village Chabany, Kyiv region, Ukraine),
at present, about 20 % of the territory of Ukraine is con-
taminated with heavy metals [25].

This problem can be partially solved by using sorbents
for soil neutralization. The results of experimental laboratory
tests of a sorbent created by the mercerization of ligno-
cellulosic bagasse sweet sorghum indicate that its kinetic
properties increase by 2—3 times compared with the original
bagasse. In addition, quantitative characteristics of sorption
of Cd?*, Pb*" and Sr?* ions from complex ground extracts
create conditions. It also opens up new possibilities for the
targeted use of mercerized bagasse for sorption binding and
strong fixation of heavy metal ions in its pores.

7. SWOT analysis of research results

Strengths. The positive effect of the research is develop-
ment of an effective and economically viable technological
process for the preparation of a sorbent by chemical modi-
fication of lignocellulosic waste (bagasse). The obtained
result compares favorably with analogs in structural-porous
characteristics, the number of surface functional groups
and provides a high yield of the finished product.

Weaknesses. The weak points of this study are related
to the fact that the proposed solutions were tested only on
model solutions of soils contaminated with lead, cadmium
and strontium ions. In terms of application of the developed
sorbent on an industrial scale, its sorption properties may
vary. Since, in the case of the use of sorbent in indus-
trial conditions, the influence of additional factors on the
sorption process, namely, the soil and climatic conditions
of the process of soil neutralization, costs and conditions
for the application of the sorbed element, etc. Therefore,
all these factors require further practical research in the
agricultural industry, for neutralization of soils from ions
of heavy metals, improvement of their productivity and
development of effective agriculture.

Opportunities. The obtained positive results of the
action of mercerized bagasse to form insoluble complex
compounds with heavy metal ions give grounds for their
further practical use as a sorbent for neutralizing soils
from pollutants.

Further research in this area should be directed to the
study of the effectiveness of the sorbent under different
conditions and costs in industrial process conditions in
areas of contaminated soils and also on the development
of regulatory documentation on the technology of the
sorbent production with lignocellulose and sweet sorghum
and its application in agricultural technologies.
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Threats. Under the modern conditions, the country
has sufficient technical and technological potential for
the production of a wide range of industrial, environmen-
tal and medical sorbents from lignocellulosic waste. This
could not only fill its domestic market, but also export
sorption materials abroad.

However, the production of sorption material from
lignocellulosic waste of sweet sorghum is now complicated
because of the lack of proper domestic equipment to pro-
duce this product. Existing foreign equipment samples
are notable for their high cost, and, accordingly, which
will negatively affect the growth of the cost component
of the final product.

Therefore, further research will be focused on the se-
lection and, if possible, the development of process equip-
ment for the line for processing lignocellulosic bagasse
from sweet sorghum to produce a modified sorbent for
cleaning soil from heavy metal ions.

1. The sorbent for the neutralization of soils from
heavy metal ions is obtained and the optimal conditions
for the process of its manufacture is established. These
conditions consist in the treatment of lignocellulosic plant
waste with sorghum with a sodium hydroxide solution
with a concentration of 120 g/l of alkali at a temperature
of 10-15 °C and a solid phase ratio in a liquid (hydro-
module) of 1:10.

2. As a result of studies of microphotos of the original
and mercerized bagasse, it is found that chemical modi-
fication of the raw material leads to a change in the
structural-porous structure of the material. This is due to
the partial hydrolysis and <«loosening» of plant fibers of
the bagasse and improving access to functional groups that
are capable of addition, complexation and ion exchange
reactions. Based on IR spectral analysis, the presence of
hydrophilic functional groups of the alcohol and acid types
substituted by metal ions (mainly sodium) is established.

3. According to the research results of the original
and mercerized bagasse, it is established that the sorption-
kinetic properties of heavy metal ions — Cd**, Pb?" and
Sr?* into mercerized bagasse — are increased 2-3 times
in comparison with the untreated bagasse.

The results obtained, taking into account the avail-
ability of the raw material resource and for its complex
processing, will make it possible to reasonably approach
the solution of specific practical problems associated with
the development of modified sorbents. As well as their
use as soil additives for the disposal of polluted soils from
toxic heavy metals and to prevent further migration of
heavy metals into plant products.
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