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Abstract

A carbon-mineral ecosorbent was obtained by heat treatment of a mixture of rice husk and zeolite. To obtain a
composite carbon-mineral ecosorbent, a mixture of rice husk and zeolite in various proportions of plant and mineral
components was subjected to general pyrolysis under various temperature conditions (250-600 °C) without the use
of toxic chemicals to obtain a series of biocoal-clay composites. The pyrolysis process lasted from 10 to 60 minutes.
In this case, destruction of organic substances occurs, and the final decomposition product (active amorphous
carbon) settles on the catalytic centers of the aluminosilicate surface of the zeolite. The carbon content in the sorbent
is 8-19 %. In this case, the zeolite containing active carbon lobes on the surface is a consolidated nanostructured
material. The obtained sorbent samples differed in the initial ratio of the plant and mineral components. During
thermal treatment of the mixture in an oxygen-free atmosphere, activated carbon nanoparticles of 2-3 nm in size are
formed on the zeolite surface. The characteristics of the composites, making them promising sorbents of pollutants,
include uniform micromorphology of plate particles, improved mesoporous structure and surface area (53.0 m2/g),
as well as abundant and diverse functional groups containing oxygen / carbon. The structural-chemical and sorption
properties of the obtained product in relation to Cu2+, Pb2+, Cd2+, Sr2+, Ni2* ions were studied during extraction from
model solutions. The composite obtained at 600 °C and 10 wt.% zeolite showed the highest removal of heavy metal
ions from an aqueous solution.
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BYTI'JIELIb-MIHEPAJIbHI EKOCOPBEHTH HA OCHOBI JIITHOLE/IIOJIO3HUX BIAXOAIB I
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AHoTaniga

[I1s1X0M TepMOOGPOGKH CyMilli pyCcOBOro JIyIINMHHA Ta Ie0JIiTYy OTPUMaHUil Byrjenb-MiHEpa/JIbHUN €KOCOPGEHT.
Jl/i5 OTpMMaHHA KOMIIO3MTHOTO BYTJelb-MiHEPaJbHOTO €KOCOPGEHTY CyMilll PUCOBOro JIYIIMUHHA Ta LEOJITy B
pi3HMX CHiBBiJHOIIEHHAX POC/JMHHOI Ta MiHepa/bHOI CKJaA0BOi GyJjia migJaHa cmiJibHOMY mipoJi3y 3a pi3HuX
TeMnepaTypHUxX yMoB (250-600 °C) 6e3 BUKOPHCTAaHHA TOKCHYHMX XIMIKaTiB /i1 OTpUMaHHA cepii KOMNO3MUTIB
6ioByrisuia-ramHa. [Iponec mipoaisy TpuBaB Big 10 Ao 60 xB. Y meil yac BifgGyBa€TbCcA JeCTPYKIisi OpraHidvHMX
peyoBMH, a KiHIeBUH NPOJAYKT po3KJaAy (aKTHUBHMUA aMop¢dHUI Byrjenb) ocifae Ha KaTaJiTHYHUX LeHTpax
AJIIOMOCUIIKaTHOI MOBePXHi 1 eoJ1iTy. BMicT Byryienio B cop6eHTi ckiaaae 8-19 %. BogHo4yac 1eoJIiT, 10 MiCTUTh Ha
NMOBEPXHi YaCTOYKH aKTUBHOT'O BYTJIEL10, IBJISAE COG0I0 KOHCOIi0BaHNH HAaHOCTPYKTYpOBaHUii MaTepiasl. OTpuMaHi
3pa3KH COPGEHTIB BiJPi3HAKTbLCA Pi3HUM NMOYATKOBUM CHiBBiJHOIIEHHSAM POCJMHHOI Ta MiHepa/bHOI CKJIaJ0BOI.
Iicaa TepmMiyHOT 06po6KHU cymimi B 6e3KuCHeBii aTMocdepi Ha MOBePXHi LEOJIITY YTBOPIOITHCA HAHOYACTUHKH
AKTHMBOBAHOro BYri/uiA po3MipoM 2-3 HM. XapaKTepUCTHKHM KOMNO3HUTIB, sIKi po6JATh iX NepcneKTUBHUMH
coOp6eHTaMH 3a6pyAHIOIOYHUX PEYOBHH, BK/JIKWYATbh OJHOPiAHY MikpoMop¢o.Jiorilo NJIAaCTUHYacTHMX YaCTHHOK,
noJlinieHy Me30NOPUCTY CTPYKTYPY i miomy noBepxHi (53.0 M2/r), a TaKOX psIcHi Ta pi3HOMaHiTHI PyHKIiOHATBHI
rpyny, mo MiCTATh KUCeHb/Byrjienb. [JoCaig)KeHO CTPYKTYpPHO-XiMiuHi Ta cOpO6LiiiHi BJIacCTUBOCTI OTPUMAHOroO
NPOAYKTY IO BiJHOLIEHHIO A0 ioHiB Cuz+, Pb2+, Cd2+, Sr2+, Ni2+ mij yac BUIy4eHHs 3 MO/ieJIbHUX po34uHiB. Komno3ur,
oTtpumaHuii 3a 600 °C i 10 mac.% 1eoJ1iTy, NOKa3aB HaliBUIlle BUJIy4YeHHs iOHIB BAOXKKMX MeTaJIiB 3 BOAHOTO PO3YHHY.
Karwwuosi caosa: apcopbuisi, KaaMii, CBUHeNb, LUHK, MiJlb, PUCOBe JIYLINHHHSA, LEOJIT, mipoJi3, 6ioByrinis, cop6uiiiHi
BJIaCTUBOCTI.
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Introduction

As a result of human anthropogenic activity,
excess amounts of toxic metal ions enter the
environment, namely water, air and soil
Wastewater is the largest source of pollution. If
not sufficiently purified, it enters water bodies in
both surface and underground horizons on the soil
surface [1; 2]. Heavy metals such as Cd, Cu, Hg, Ni,
Pb and Zn are toxic, do not undergo biological
decomposition and accumulate in the
environment [3-5]. Various methods have been
proposed for purifying water contaminated with
metals, including chemical coagulation, oxidation,
membrane filtration, extraction with various
solvents, and ion exchange [6;7]. Sorption
methods of water purification using various types
of adsorbents are the most accessible and cost-
effective [8; 9]. Adsorption is a physicochemical
process during which a pollutant (adsorbate)
accumulates on the surface of a solid (adsorbent).
A pressing issue is the search for effective eco-
sorbents capable of reducing environmental
pollution with toxic heavy metals.

Carbon materials are used as adsorbents for
water purification, since they have a porous
structure and a large surface area [10; 11], and
meet the basic requirements - non-toxicity, high
adsorption capacity. Plant waste is a priority
natural renewable material for obtaining carbon
materials - biochar and is relevant both in
scientific and practical terms [12-14]. Large-
tonnage rice production waste can also serve as a
cheap raw material for obtaining carbon material.
Biochar is a stable carbon-rich product
synthesized as a result of pyrolysis
(carbonization) of plant biomass. The main
parameters controlling its properties include
pyrolysis temperature, time and type of raw
material. The effectiveness of biochar in
neutralizing pollutants depends on the surface
area, pore size distribution and ion exchange
capacity [15; 16]. Pyrolysis temperature affects
the properties of biochar and is a critical factor for
assessing the effectiveness of removing toxicants
from the environment [17-19]. In the process of
formation of carbon material during pyrolysis of
cellulose-containing material on the coal surface
reactive groups are formed, which determine the
possibility of chemical modification of the biocoal
surface to improve its sorption. Modification of
carbon material with mineral substances allows
obtaining a composite with increased sorption
capacity with respect to heavy metal ions.
Therefore, such ecosorbents can be used to clean

wastewater and soils contaminated with heavy
metals.

Materials and methods

In this study, the possibility of obtaining a
composite carbon-mineral ecosorbent from rice
husk and zeolite was studied. Rice husk is a fibrous
substance containing moisture, lignin, cellulose,
pentosans, a small amount of protein and
vitamins, and mineral ash consisting of 92-97 %
silicon dioxide. Zeolite is an aluminosilicate clay
(Caz+, Mg?*) in the interlayer spaces and has the
advantages of low cost, high ion-exchange
capacity, controlled properties, and wide
availability. The presented results concern the
development of a technology for obtaining a
carbon-mineral sorbent by thermal treatment of a
mixture of rice husk and zeolite, as well as a study
of the structural-chemical and sorption properties
of the resulting product. During thermal treatment
without oxygen access to the mixture at a
temperature of 300-5000 °C, nanoparticles of
activated carbon with a size of 2-3 nm are formed
on the surface of the zeolite. The crushed zeolite
and rice husk, selected (average particle size 2
mm, content: Si0z - 18.2 %, cellulose - 42.9 %,
lignin - 19.0 %, nitrogenous substances -3.6 %),
were mixed in various proportions and crushed in
a ball 0. To obtain a composite carbon-mineral
ecosorbent, a mixture of rice husk and zeolite in
various ratios of plant and mineral components. A
laboratory reactor was used in the heat treatment
process, which provided oxygen-free conditions
for the process.

The pyrolysis process lasted from 10 to
60 minutes. In this case, the destruction of organic
matter occurs, and the final decomposition
product (active amorphous carbon) settles on the
catalytic centers of the aluminosilicate surface of
the zeolite. The carbon content in the sorbent is 8-
19 %. In this case, the zeolite containing active
carbon lobes on the surface is a consolidated
nanostructured material. The obtained sorbent
samples (1-5) differed in the initial ratio of the
plant and  mineral components.  The
characteristics of the composites, producing them
as promising sorbents of pollutants, include a
uniform micromorphology of lamellar particles,
an improved mesoporous structure and surface
area (53.0 m2/g), as well as abundant and diverse
functional groups containing oxygen / carbon. The
composite obtained at 600 °C and 10 wt.% zeolite
showed the highest removal of heavy metal ions
from an aqueous solution.
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Nitrogen adsorption-desorption isotherms
were measured using an AUTOSORB-6B gas
adsorption analyzer (Quantachrome, USA). The
parameters of the cellular structure were
calculated using the AUTOSORB-1 program
(Quantachrome, USA). The specific surface area
was determined using the Brunauer-Emmett-
Teller (BET) method. The method for determining
the static exchange capacity consists of
determining the number of ions absorbed from a
constant volume of the working solution per unit
mass of the sorbent. The static exchange capacity
(SEC) values indicate the ability of the material to
bind ions of toxic substances. The SEC of biochar
increases for both Cl- and Na+ cations, which

creates the prerequisites for increasing its
sorption activity in ion-exchange reactions of
sorption of heavy metal cations Cd(II), Cu(ll),
Pb(II) and Zn(II).

Results and discussion

The characteristics of the cellular structure
(specific surface area, total pore volume, pore
diameter) were determined by the low-
temperature nitrogen adsorption method. The
specific surface area indices of the samples of
combined carbon-mineral sorbents obtained by
pyrolysis are presented in Table 1. The specific
surface area and pore volume are determined by
the nitrogen adsorption-desorption isotherm.

Table 1
Structural and pore characteristics of combined carbon-mineral sorbents
Name of the show,size/number of the 1 2 3 4 5
show
Specific surface area, m?2/g 16.1 4.6 78.7 75.9 5.4
Specific surface area of mesopores, m?/g 16.1 4.6 47 45.1 5.4
Specific surface area of micropores, 15.6 41 92.4 86.0 5.2
m?/g
Total pore volume, 0.127 0.037 0.241 0.194 0.188
cm3/g
Micropore volume, 0.005 0.001 0.033 0.031 0.002
cm3/g
Average (effective) pore radius, A 158 159 61.3 51.2 691

The results of the studies of the structural and
pore properties (Tables 1, 3) indicate that the
carbon-mineral component of the composite
ecosorbents proposed by us has fairly high
indicators of the total pore volume, the volume of
sorption pores, the volume of micro-macro- and
especially mesopores. The development of macro-
and mesoporosity can provide increased sorption
activity of this sorbent both in terms of capacity
indicators and the kinetics of the sorption process.
These properties also play a decisive role in
practical use. Specific surface characterizes the
surface area of the adsorbent on which adsorbates
of a molecular nature can be absorbed. The

characteristicis important for comparing different
adsorbents with each other, as well as for
assessing the absorption capacity of the
adsorbent. The pore volume characterizes the
available pore volume in the adsorbent in which
adsorbates can be absorbed. The obtained sorbent
samples (1-5) differed in different initial ratios of
the plant and mineral components. Table 2
presents data on the ion-exchange characteristics
of the obtained combined sorbents (SEC) at
different ratios of the initial components (rice
husk: zeolite) for obtaining combined carbon-
mineral sorbents.

Table 2
Ion exchange power of combined carbon-mineral sorbents
Sample Ratio of components Weight, g Number of ml  Equilibrium SEC,
No. (rice husk / zeolite), of NaOH used  concentration of mmol/g
wt.% for titration HCl, mmol/]
1 20:80 0.5003 4.25 0.085 0.7496
0.5007 4.20 0.084 0.7489
2 30:70 0.5008 4.45 0.089 0.5049
0.5009 4.50 0.090 0.4991
3 50:50 0.4999 4.00 0.080 1.0021
0.5001 4.00 0.080 0.9998
4 70:30 0.4635 4.40 0.088 0.6473
0.4232 445 0.089 0.6498
5 80:20 0.5405 4.45 0.089 0.5087
0.5023 4.50 0.090 0.4977
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The data obtained show that the highest
efficiency of the sorbent (when purchasing
standard components in total) is maximum when
mixing components (wt.%): light cellulose
material: zeolite 50-50. When removing from this
amount of components, the efficiency of the
sorbent decreases by 15-25 %.

The results of laboratory studies of the
sorption capacity of composite materials
evaluated by the sorption of methylene blue and
vitamin B12 are given in Tables 3 and 4,
respectively.

Table 3
Sorption properties of combined carbon-mineral sorbents (by methylene blue)
Ratio of components  Optical S Floncentratlon .
Sample , . . Dilution is equally Adsorption value,
No (rice husk: zeolite), density, (times) important mg/g
' wt.% od.o.h. ’
mg/]
1 20:80 0.282 50 290 315
0.360 50 385 291
2 30:70 0.272 20 117 358
0.278 20 118 358
3 50:50 0.236 25 126 356
0.220 25 120 358
4 70:30 0.188 5 20.5 382
0.334 5 35.5 379
5 80:20 0.203 50 215 334
0.207 50 218 333

The ability of the obtained material to adsorb
metal ions can be quantitatively assessed by the
value of the maximum adsorption capacity and the
time to achieve sorption equilibrium. In this case,
the value of the sorption capacity of the material is

significantly exceeds the sorption capacity of
activated carbon and zeolite separately. In almost
the first 5-10 minutes, significant absorption of
metal ions by the sorbent occurs; the equilibrium
state is achieved with a sorption duration of

(for example, for Cu?*) 10.1 mg/g, which approximately 20-50 minutes.
Table 4
Sorption properties of combined carbon-mineral sorbents (according to B12)
Sample  Ratio of Optical Dilution Concentration is Adsorption
No. components (rice husk: density, (times) equally important, value,
zeolite), od.o.h. mg/1 mg/g
wt.%
1 20:80 0.172 0 35 22.5
0.244 0 49 21.8
2 30:70 0.276 5 277.5 10.4
0.209 5 210 14.0
3 50:50 0.144 0 28 22.8
0.161 0 32.5 22.6
4 70:30 0.235 5 235 12.5
0.195 5 195 15.8
5 80:20 0.232 5 232.5 13.9
0.228 5 225 14.2

It is seen that the sorption homogeneity of the
material containing Pb2+ ions is significantly
higher, lower than for ions in other metals. The
sorption activity series can be as follows: Pb2+ >
Cu?* > Cd2+ > Niz* > Sr2+. The kinetics of sorption of
important metal ions from single-component solo
studies in studies conducted in statistical minds is
given. Kinetic studies show that when metal ions
(Cu?+, Pb2+, Cd?+, Sr2+ Ni2*) are detected for an
additional combination ecosorbent (with a 50:50
match of components) in the solid phase - liquid
systems, the level persists for 30-60 minutes

(Fig.).

The adsorption of heavy metal ions by carbon-
mineral ecosorbent can be carried out by several
sorption  mechanisms, including physical
interaction, cation exchange and m-m-bonding
interactions, and was modulated by intrapartial
diffusion. The potential of carbon-mineral
composites of rice husk biochar and zeolite as a
favorable = adsorbent for  environmental
restoration and water purification is emphasized.
Thus, the carbon-mineral ecosorbent obtained by
the proposed technology can be successfully used
for practical use for enriching soils with
microelements.
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Figure. Kinetic curves for the sorption of Cu2+, Pb2+, Cd?+, Sr2+, Ni2+ ions by a carbon-mineral ecosorbent

Conclusions

The removal of effective carbon-mineral
ecosorbent ecosorbents for the removal of Cu?+,
Pb2+, Cd?+, Sr2+, Ni2* ions from water sources based
on biovougol from the outputs of the rural state
has been demonstrated and zeolite.

To obtain a composite carbon-mineral
ecosorbent, a mixture of rice husk and zeolite in
various proportions of plant and mineral
components was subjected to general pyrolysis
under various temperature conditions (250-
600 °C) without the use of toxic chemicals to
obtain a series of biocoal-clay composites. The
pyrolysis process lasted from 10 to 60 minutes. In
this case, destruction of organic substances
occurs, and the final decomposition product
(active amorphous carbon) settles on the catalytic
centers of the aluminosilicate surface of the
zeolite. The carbon content in the sorbent is 8-
19 %. In this case, the zeolite containing active
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