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ABSTRACT
The paper analyzes data on the removal of arsenic by sorption methods using materials that have prospects
for large-scale application in water treatment. These materials include transition metal oxides in the micro-
and nano-dimensional form, including those in the composition of composite materials with inorganic
matrices, or hybrid sorbents in the composition with polymer resins or natural biopolymers. Examples of the
use of composite (hybrid) sorbents for the removal of arsenic from solutions with low concentrations (at the
level of MPC) are given. The objective of this article was to sum the up-to-date information about the most
Received: May 19, 2021 important features of chitosan-containing and chitosan-carbon materials we developed in view their use in
Peer-reviewed: September 25, 2021  arsenic removal processes at low concentrations to concentrations that meet WHO requirements. The paper
Accepted: November 30, 2021 presents data on the sorption properties of Mo-containing activated carbon fibers and chitosan-carbon
composite materials towards arsenic (V) when it is extracted from bidistilled and tap water under static and
dynamic conditions. The factors of the different behavior of the sorbents depending on the form of a
biopolymer deposited on the fiber and the stability of the sorbents during the sorption of arsenic are
discussed.
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Introduction the maximum permissible concentration (MPC) of As
in drinking water down to 10 pg/L [1].
Various technologies are used to solve Arsenic  enters the environment from

numerous environmental problems. In particular,  geothermal and ground waters, as a result of
the following methods are used for the removal of ~ weathering, soil erosion, and volcanic activity. In
toxic pollutants from water: oxidation/precipitation,  addition, arsenic contamination has anthropogenic
coagulation,  co-precipitation, sorption, ion  origins, such as the use of pesticides, mining
exchange, and membrane technologies [[1], [2], [3],  processing, and burning of fossil fuels [[1], [2], [3]].

[4]]. Among them, sorption/adsorption s Although most of the indicated methods,
considered as a relatively simple, effective, and cost- ~ provided that they are carried out under optimal
efficient techniques for removing pollutants, it is  conditions, allow reducing the arsenic concentration
also suitable for the use in rural areas. In addition,  below 10 pg/L, the majority of them are rather

no sludge is formed when applying this technology.  costly, especially the membrane technologies [[1],
Arsenic is known to be one of the most toxic  [2]].
chemical elements at very low concentrations [[1], At present, a wide range of materials was tested

[5], [6], [7], [8]]: it is one of the most well-known  for the purpose of removing As at low

environmental pollutants. Arsenic affectsthe human  concentrations: natural ores, minerals, activated

body at very low concentrations, so that the World  carbons (AC), ion exchange resins, agricultural and

Health Organization (WHO) recommended reducing  industrial waste, natural biopolymer chitosan [[1],
(2], [7], (8], [9], [10]].



mailto:zemskova@ich.dvo.ru
https://creativecommons.org/licenses/by-nc-nd/3.0/

Kommexcuoe Mcmonnsoparne Munepanasaoro Ceipsa. Nel (320), 2022

ISSN-L 2616-6445, ISSN 2224-5243

Among the materials recommended for use as
adsorbents in water treatment, the following
transition metal oxides were studied: Al;Os, TiO,,
MnO,, and iron oxides/hydroxides [[6], [11], [12],
[13]]. The latter ones are of the greatest interest,
since their application allows isolating powders
(nanopowders) from the media to be
decontaminated by magnetic separation on the
condition that the oxide has magnetic properties. Of
iron oxides, goethite (a-FeOOH) and hematite (a-
Fe,0s) are non-magnetic, whereas magnetite
(Fes04), maghemite (y-Fe,0s), and hydrated iron
oxides are characterized magnetic properties [[13],
[14]].

The separation of iron hydroxides, which are
considered as among the most effective sorbents for
arsenic, requires sedimentation or filtration and is
hard to perform due to their low mechanical
strength [[13], [15]].

The solution to this problem consists in the
immobilization of iron oxides into a carbon or
polymer matrix to obtain composite materials [[13],
[14], [15], [16], [17], [18]].

Another group of materials that are widely
studied as sorbents for arsenic includes carbon
materials (CM) in various forms like conventional
commercial carbons or carbon nanotubes. However,
activated CM, despite their high specific surface
area, the presence of surface functional groups, and
a well-developed porous structure, are not very
suitable for removing anionic pollutants, which
include arsenic compounds. At the same time, CMs
comprise one of the most suitable matrices for the
production of composites, even despite their high
cost and the method of their production, which is
not particularly environmentally friendly [[19], [20]].

In recent years, numerous works were devoted
to nanoscale metal (hydro)oxides, such as Fes;Q,,
hydrated iron oxide (HGO), TiO,, MnO,, etc., which
demonstrate high sorption efficiency towards heavy
metals. However, these hydroxides cannot be
directly used in the flow-through systems due to
high pressure in the columns caused by the ultra-fine
particle sizes. These technological disadvantages can
be avoided by placing the oxide on to conventional
porous adsorbents, including activated carbons,
cellulose granules, alginate beades, or polymer
adsorbents to produce hybrid sorbents for further
application [15].

Another approach to obtaining composite
materials consists in the immobilization of iron
oxides directly into polymer matrices. Cation-
exchange and anion-exchange synthetic resins are

used for immobilization [[13], [15], [16], [21], [22],
[23], [24], [25], [26], [27]].

Commercial arsenic sorbents were synthesized
on the basis of industrial ion-exchange resins by
immobilization of iron oxides in them. Among these,
the ArsenX™ hybrid sorbents show high efficiency in
removing arsenic from model solutions [[21], [23],
[24]].

Currently, the development of highly effective
sorbents is tending to low-price sorbents based on
natural biopolymers, the most preferred of which is
the natural polymer chitosan (CS) [[7], [10], [28],
[29], [30], [31], [32], [33]].

The use of biopolymers as sorbents is
determined by their unique combination of
properties: non-toxicity, biodegradability,
biocompatibility, bioactivity, and production from
renewable sources [[30], [31]].

Chitosan is a natural aminopolysaccharide
synthesized by alkaline hydrolysis of chitin (a cheap
natural raw material, among other sources, it is a by-
product of the fishery industry). Chitosan can be
considered as the most suitable material for the
removal of anions (including some charged forms of
arsenic), since it contains a large number of amino
groups protonated in an acidic medium. This ensures
the removal of anionic forms of arsenic by an ion
exchange mechanism [29].

However, there are several factors that prevent
the full-scale use of chitosan. The modification of CS
is necessary to overcome its solubility in an acidic
medium, low porosity, and residual crystallinity.

The best sorption properties are demonstrated
by the materials based on modified chitosan, which
include grafting functional groups or compounds of
other compounds (that have a strong affinity for
arsenic) incorporated into a biopolymer matrix [10].

Impregnation with metal oxides or metals was
suggested to increase the sorption capacity or
improve the selectivity towards arsenic [[10], [30],
[31], [32], [33], [34]]. A large group of modifier
compounds consists of metal oxides (Al, Ti, Mn, Fe,
Ce, Cu, and Mo) [[5], [7], [10], [31], [34]].
Molybdenum oxide is especially remarkable of these
due to the different mechanism of interaction with
As as a result of the formation of an
arsenomolybdate complex [[6], [10]].

It is necessary to single out a group of sorbents
in which the biopolymer (polysaccharide) chitosan is
modified with molybdenum, which has a strong
affinity for both chitosan and As: this allows the use
of Mo-containing chitosan as a sorbent for arsenic
[[6], [7], [10], [31], [35], [36]]. Mo-containing
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Table 1 - Examples of hybrid sorbents based on metal oxides

Sorbent Initial Solution Mode Passed Final Refere
concentration volume* concentr | nce
ation,
ug/L
Polystyrene (polyHIPE) coated | 50-200 pg/L | deionized and dynamic <10 [38]
with iron hydroxide As(ll1), As(V) tap water
Layers of sand coated with | 1 mg/L 0.01 M NaNOs | pilotunit, <50 [39]
manganese oxide and iron solution dynamic
oxide As(l11), As(V)
Iron coated chitosan flakes, | 500 pg/L real ground | dynamic | 147 b.v. <10 [40]
Iron doped chitosan granules | As(lll), As(V) water As(l1)
180 b.v.
As(V)
TiO2/montmorillonite 120-410 pg/L | real ground | column 4300- <10 [41]
water 10500 b.v.
FeO/activated carbon 0,5 mg/L potable water column 1,250 ml <10 [42]
of solution
Al>O3/chitosan 91 mg/L As | deionized water | dynamic | 40 b.v. | <10 [43]
(), As(I11)
101 mg/L As 120  b.v.
(V) As(V)
Activated carbons imregnated | 40-60 pg/L real ground | dynamic | 20000 b.v. | <10 [44]
with iron hydroxide 70-75% As(V) water
25-30% As(Il1)
Activated carbon fiber | <1000 pg/L water solution static m/v = 0.7 | <10 [45]
impregnated with nanosized g/L
magnetite
Macroporous anion exchanger | 1 mg/L As (V) solution in the | dynamic | max 2000 | <10 [15]
D-201 loaded with hydrated presence of b.v.
ferric oxide S042°, CI, PO4%,
SiO2, HCOs
npRio gel-type strong base | 20 ug/L solution in the | dynamic | ~7500 b.v. [23]
anion exchange resin presence of 30
Impregnated iron oxide pg of SiO2
ArsenX"P 17500 b.v.
Strong base anion exchange | 600 pug/LAs (V) | solution in the | dynamic | ~12000 <10 [22]
resin based on styrene- presence of b.v.
divinylbenzene loaded PO4*, Si02
hydrated ferric hydroxide
ArsenX"P 80-100 pg/L 25000 b.v. | <50 [21]
140-180 pg/L 20000 b.v.
Natural zeolite coated with | 50 pg/L potable water pilot unit, | 10000 b.v. | <3 [46]
nanocomposites of Mn-Fe | As(lll), As(V) dynamic
oxides
Purolite A-500P resin filled | 100 pg/L solution in the 12000 b.v. | 10 [47]
with hydrated iron oxide As(ll) presence of
S04%°, CI,, HCOs"

Note: *) b.v - empty bed volumes,
m/v — mass to volume ratio

chitosan resins can be synthesized in the form of  concentrations close to the MPC are shown in Table
magnetic sorbents [37]. Some examples of the use 1.
of hybrid sorbents for the removal of arsenic at low The objective of the present work was to study

the sorption properties and stability of Mo-

— 34 ——



Kommexcuoe Mcmonnsoparne Munepanasaoro Ceipsa. Nel (320), 2022

ISSN-L 2616-6445, ISSN 2224-5243

containing sorbents based on both pristine carbon
fiber and fiber modified with chitosan during the
processes of arsenic removal from model olutions
ith low concentrations in bidistilled and tap water.

Experimental part

Carbon fiber and chitosan-carbon materials
modified with molybdenum oxide were chosen as
the objects of the research. To produce chitosan
carbon materials, chitosan (in various forms) was
deposited by different methods on the initial carbon
fiber Aktilen (grade brand B) produced by St.
Petersburg Research Institute Chemical Fiber
"Khimvolokno".

The chitosan-carbon material CCM(-900) was
produced by depositing chitosan from a solution on
a carbon fiber (CF), which was used as a working
electrode, in a standard electrochemical cell, while it
was polarized into the cathode region with holding
at the reached potential of -900mV for a given time.
The deposition potential was measured relatively to
the Ag/AgCl reference electrode.

The sample of CCM(SO4) was prepared by
deposition of nanoscale chitosan on the surface of
CF by ionotropic gelation method. To do this, the
carbon fiber was pre-soaked in a chitosan solution
and then the wet fiber was treated with a
concentrated solution of the strong electrolyte
Na,S0.. The fiber was washed with water to remove
the excess of the electrolyte and dried in the air.

The preparation of chitosan-carbon materials is
described in detail in [48].

The modification of carbon fiber and chitosan-
carbon materials with molybdenum oxide was
performed by adsorption of molybdenum from
solutions of sodium molybdate with different
concentrations at pH 3, at which the maximum
sorption of molybdenum from the solution was
observed. The sorption of molybdenum was carried
out under static conditions ataratioof m:V=1:
1000. The concentration of molybdenum in the
sorbent was determined by the difference between
the initial and equilibrium concentrations from a
given volume of the solution to the carbon sample.

The sorption properties of composite sorbents
were studied under static conditions with a phase
ratio of S: L =1 :1,000. The sorption kinetics was
studied on the model solutions prepared with tap
water by the limited volume method (0.05 mg
sorbent: 50 ml solution, pH 3.0). In accordance with
this method, probes were taken from the solution,
the initial concentration of which is known, at
certain intervals of time, in which the concentration

of the element was determined during its extraction
by the sorbent. Arsenic(V) sorption isotherms were
obtained by the method of variable concentrations
in the solutions prepared with bidistilled water from
50 to 1000 pg/L (pH 3.0) and tap water from 50 to
1500 pg/L (pH 6.4-6.5). To prepare model solutions,
a standard solution of Na;HAsO47H,0 in 1 M HCI
with 25 mg/L As was used. Standards for the
determination of arsenic were prepared with tap
and bidistilled water.

To study the sorption dynamics, a model
solution was prepared with bidistilled water with a
concentration of arsenic(V) of ~100 pg/L, pH 2.9.
Arsenic breakthrought curves were taken in a
polyethylene column of a diameter of 0.9 cm and a
height of 5.8 cm at a solution passing rate of 1
ml/min. The volume of the loaded sorbent layer was
1 cm? with a packing density of 0.15-0.16 g/cm?. The
samples were analyzed for the content of As(V) as 50
ml of the solution was passed. The following
sorbents were tested in the dynamic mode: initial
CF—Mo, CCM(-900)-Mo, CCM(SO4)—Mo.

Results and discussion

Despite the advantages of using chitosan as a
sorbent for the removal of certain pollutants, there
are a number of objective reasons that prevent its
widespread use as a sorbent for the removal of
arsenic, in particular. These include: 1) weak stability
of chitosan at pH optimal for As extraction, 2) low
sorption capacity, especially towards As(lll), 3)
difficulty in standardization of initial chitosans due
to heterogeneity depending on the degree of
deacetylation, 4) low porosity of chitosan and,
accordingly, low availability of sorption sites, 5)
physicochemical characteristics of granules that
prevent their use in industrial units in a dynamic
mode [[30], [31]].

Although chitosan can sorb arsenate ions [[29],
[49], [50]], the sorption capacity towards arsenic is
very low, it rarely reaches 10 mg of As (V)-g?, and
only a few mg of As(lll)-g}[35]. Therefore, chitosan
undergoes modification by physical or chemical
methods [7]. The choice of a metal modifier
(specifically, a metal oxide) is determined by both
the nature of the interaction of this metal directly
with the matrix and its interaction with the extracted
toxic agent. The immobilization of metal oxides into
chitosan implies an increase in arsenic sorption
capacity and the emergence of selectivity over other
metals and related ions [7]. As was mentioned
above, metals such as molybdenum and iron are
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effectively used to obtain sorbents due to their
strong affinity for chitosan.

The removal of arsenic using granules of a
chitosan sorbent containing molybdenum depends
on the characteristics of the granules, as does the
sorption of molybdenum by granules of the original
chitosan. This is related to the fact that the sorption
of molybdenum is influenced by both the degree of
deacetylation and the molecular weight of chitosan.
The correlation between the parameters is not
direct. However, it was shown that the sorption of
molybdenum depended on the degree of
crystallinity of the polymer. High degree of
crystallinity reduces the availability of water and
metal ions to binding (reactive) amino groups [51].

On the other hand, the sorption of molybdenum
is completely controlled by the pH of the solution
and the concentration of molybdenum in the
solution, which determine the appearance of
charged poly-nuclear hydrolyzed forms of
molybdenum at pH 3-3.5, which are most preferable
for its sorption by chitosan [[52], [53]].

Thus, some part of molybdenum is well sorbed
due to electrostatic interactions with polymer
molecules, while the other part is in the form of
clusters adjacent to the polymer structure [54].

Chitosan sorbents containing molybdenum can
be prepared in various ways: 1) impregnation of
chitosan granules with molybdate, 2) coagulation of
CS granules in a solution of molybdate. The first
process is essentially an adsorption process and is
largely determined by the properties of chitosan,
which cause different sorption of molybdate. The
second method of production is based on ion
gelation of chitosan using molybdate as gelling
agent, which leads to the formation of micro and
nanoparticles of chitosan [[35], [36], [55]]. lonic
gelation with molybdate is an analog of the
processes of ionotropic gelation of chitosan in

solutions of tripolyphosphate or sodium sulfate.
The difference between the materials obtained in
different media was confirmed by electron
microscopy. The granules obtained in sodium
hydroxide are characterized by large open porous
structure (with a thin outer layer). When the gel is
coagulated with molybdate, then treated with
sodium hydroxide solutions, the structure is
heterogeneous. The external layer is relatively
compact (100 um) without obvious pores, and the
inner part is characterized by a small pores structure
[[54], [56]].

The sorbents used in the work were based on
activated carbon fiber (ACF) and were obtained
using these fiber modification techniques. Chitosan

deposition on the fiber surface in the base form was
performed by electrodeposition on the cathode
from CF, that is, by gelation of chitosan with sodium
hydroxide generated at the cathode at a potential of
-900 mV [57]. Another sample was prepared by
coagulation of chitosan with sodium sulfate in the
presence of CF as a carrier [48]. The modification of
the prepared samples with molybdenum was carried
out by adsorption of Mo from a solution of sodium
molybdate. The use of CF as a carrier creates
favorable conditions for the sorption of arsenic. The
deposition of CS on a highly developed CF surface
contributes to the increase of the chitosan surface
and, accordingly, the availability of amino groups of
CS molecules [[58], [59]].

The features of Mo sorption by carbon fiber and
chitosan-carbon materials, and the characterization
of materials by atomic adsorption and electron
microscopy were described in [[58], [59], [60]]. In
order not to repeat the published data, we included
only the part related to the sorption of arsenic.

The surface morphology of the initial CF and
composite chitosan-carbon materials with chitosan
deposited in various forms were characterized by
scanning electron microscopy (Figure 1). When
carbon fibers are modified with chitosan, two
different films are deposited: an insoluble chitosan
film in the base form under cathodic polarization
and a film in the sulfate form, both of them are solid,
homogeneous, completely covering the pores of the
original carbon fiber.

The non-modified materials (in the absence of
Mo) do not virtually sorb arsenic. On the contrary, as
the test results show, the materials modified with
Mo effectively decontaminate solutions from
arsenic under static conditions: at initial arsenic
concentrations of 50-1500 pg/L, the equilibrium
concentration reaches 10 pg/L. The effectiveness of
Mo-containing sorbents can be explained by the
formation of an open porous structure formed in a
film deposited on the carbon fiber surface, similar to
the structure in chitosan gels, which were prepared
by the interaction of chitosan with molybdate
polyoxyanions as crosslinking agents [[54], [61]].

Figure 1 - SEM image of the surface of composite
sorbents based on CF modified with molybdenum: a) CF—
Mo; b) CCM(-900)-Mo; c) CCM(SO4)-Mo
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The difference between the sorbents is
displayed in the processes of arsenic(V) extraction.
From the analysis of the sorption isotherms, it can
be seen that in bidistilled water in the studied
concentration range, the sorbents differ slightly
from each other (Figure 2a). While in tap water, the
best sorbent is a Mo-containing chitosan-carbon
material in which the polymer is deposited on the
carbon fiber surface in the sulfate form (Figure 2b).

The difference in the behavior of chitosan-
carbon materials is clearly displayed in the dynamic
mode of arsenic removal from aqueous solutions.

As follows from the data presented in Figure 3,
the sorbents CCM(-900)-Mo and CF-Mo have
approximately the same full dynamic capacity,
which is achieved when passing 900-950 bed
volumes of the solution.

At the same time, the total exchange capacity of
sorbent CCM(SO4)—Mo is not achieved even when
passing 1800 ml (b.v.) of the solution. The numbers
at the intersection of the output curves with the line
of 50 pg/L correspond to the dynamic capacity
before the slip. Here, at the selected sorbent loading
density and a given solution passing rate, sorbents
containing Mo, in which CF is coated with a chitosan
film in various forms, show satisfactory
characteristics: CCM(-900)-Mo retains a
concentration of up to 10 pg/L when passing 300
bed volumes, and CCM(SO4)—Mo when passing 750
bed volumes.
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Figure 2 - Isotherms of sorption of As(V) on Mo-
containing sorbents from a) bidistilled and b) tap water,
1) CCM(-900)-Mo, 2) CCM(SO4)-Mo, 3) CF-Mo. a —
sorption capacity, Ceq. — equilibrium concentration
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Figure 3 - Output curves of sorption of As (V) by the
sorbents: 1) CF-Mo, 2) CCM(-900)—Mo, 3) CCM(SOa)—
Mo, pH 2.9, Co ~105 pg/L; C/Co -- the ratio of the
concentration of As (V) in the eluate to the initial
concentration

The isolation of arsenic is known to be based on
a complexation reaction in a solution between
Mo(VI) and As(V). The structure of these complexes,
the so-called heteropolyanions, is very complex and
depends on both the initial Mo/As ratio and the pH
of a solution [6].

However, the monolybdate ion, which is located
in the chitosan film in various bound forms (strongly
bound and labile), can be released into the solution,
leading to secondary contamination. Also, a weakly
bound form of molybdate, partially released into the
solution, can form complexes with arsenic, thereby
reducing the efficiency of the sorption process.

The curves of Mo leaching from the sorbents in
comparison with the kinetic data of arsenic
extraction are shown in Figure 4.

As follows from the above data, during the
sorption of arsenic, labile molybdate is washed out
of the sorbent into the solution, which leads to
contamination of the solution with molybdenum in
concentrations significantly exceeding the MPC of
molybdenum (250 pg/L). Mo leaching is not
accompanied by an increase of the concentration of
As in the solution, which is probably due to the bond
strength of the arseno-molybdate complex with the
carbon matrix. The problem of reducing the leaching
of molybdate and increasing the bond strength of
molybdate with the sorbent can be solved by
treating the sorbent with phosphate ions before
using the Mo-chitosan sorbent to prevent the
leaching of mobile molybdate [[6], [36], [55]].
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Figure 4 - Kinetics of the sorption of As(V) (a, ¢, e) and
the kinetics of leaching of molybdenum (b, d, f) from the
composite sorbents: a, b) CF-Mo; c, d) CCM(-900)—-Mo;
d, e) CCM(S04)—Mo; C/Co— the ratio of the concentration
of As(V) at the time t to the initial concentration, Cwmo is
the concentration of molybdenum at time t.

Conclusions

1. Oxides of transition polyvalent metals in an
ultradispersed state in the composition of
composite sorbents, being deposited on an
inorganic carrier or included in a polymer matrix, can
be successfully used to remove arsenic from
solutions with low concentrations to a level that
meets WHO standards.

2. Sorption of As(V) by Mo-containing sorbents
based on carbon fiber and chitosan-modified fiber in
various forms under static and dynamic conditions
has been studied.

3. The determining role of the form of chitosan
deposited on the surface of carbon fiber on the
sorption properties of composite Mo-containing
sorbents has been shown.

4. During the removal of As(V) from acidic
solutions, the composite sorbents are destroyed,
which is accompanied by the release of Mo into the
solution to be cleaned. Therefore, the synthesized
sorbents can be used in combined schemes of
purification of industrial water and technological
solutions.
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TYWIHAEME

Makanaga cyabl Ta3apTyda KeH Kenemae KongaHblnaTblH Matepuangapdpl naiganaHa oTbipbin

COpOLMANBIK SAICTEPMEH MbILLBAKTbI KETiPY BOMbIHLIA MaAiMeTTep TanaaHaabl. OnapFa MUKPO KaHe
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HaHO Menwepnik Kyngeri

aybiCnanbl  MeTangapaplH, OKCUATEpi  Kipepi, onapAablH iwiHaoe

OpraHUKasblK emec MaTpuuanbl KOMMO3ULMANBIK MaTepuangap KypambiHAa Hemece noaumepni
Wwakblpnap Hemece Tabusn 6uononumepnepi 6ap rmbpuari copbeHTTep 60naabl. KOHLEHTPaLMACHI

TemeH LUPK (LweKTi pyKcaT eTinreH KOHUEeHTpauusa) geHreiige epitiHainepaeH MbilWbAKTbI KETipY YLWiH

KOMMNO3UTTIK (rMbpuaTi) copbeHTTepAai KonaaHy Mbicangapbl KeATipiareH. by makanaHblH, MaKcaTbl

— AACY TanantapblHa COMKEC KeNeTiH TOMeH KOHLEHTPauMALa MblbAKTbI KeTipy npouectepiHae

KONAaHyY YWiH Mo-6ap xMTo3aH MeH 6i3 }acafaH XMTO3aH-KeMIPTEKTI MaTepuansapabiH, MaHbIi3apl
epeKLenikTepi Typanbl COHFbI akMapaTTbl XMUHaKTay. MaKkanafa CTaTUKasbIK KaHe AMHAMMKaNbIK

Kafgada anbiHFaH BUMAMCTUANAEHTEH XKaHe afblHAbl cyaaH 6Genin anfaH Kesge MblwbAKKa (V)

KaTbiCTbl KypambiHaa Mo 6ap 6enceHaipireH Kemip Ta/lbIKTapbl MeH XMTO3aH-KeMipTeKTi

KOMMO3ULMANBIK MaTepuangapaplH, COpbUMANbIK KacueTTepi Typanbl AEPeKTep KenTipinreH.
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TanwblK TypiHae TyHb6afa TyceTiH Buononumep dopmacbiHa KIHE MbIWbAK COPOUMACHI KesiHae
copbeHTTepaiH, TypaKTblibiFbiHA BainaHbICTbl COpbeHTTEpPAiH, ap TypAai apeKeTTepiHiH, cebenTepi
TasKblaHaAbI.

TyiiiH ce3dep: MbiLLbAK, COPOLUA KOMNO3UTTEP, TMOPUATI COPOEHTTEP, KOMIPTEKTI Ta/LbIK, XUTO3aH.
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frbpugHble copbeHTbl ANA yAaNEeHUA MbllLbAKa
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AHHOTAUMUA

B paboTe aHanaHaAM3MPYIOTCA AaHHble MO W3B/NEYEHMIO MbllUbAKa COPBUMOHHBIMM METo4aMMu C
MUCNONb30BAaHMEM MaTEPWANOB, MMEIOWMX MNEPCNeKTUBbl  WMPOKOMACIWITaBHOro MNPUMEHEHUA B
BOZAOMNOATOTOBKE. K HUM OTHECEHbl OKCUAbl MEPEXOAHbIX METaN/IoB B MWUKPO- M HAHO- PasmMepHOM

Moctynuna: 19 masa 2021 COCTOAHMM, B TOM UYMC/Ie B COCTaBe KOMMO3UTHbIX MaTepManioB C HEOPraHUYECKUMU MaTpULAMK, UN
PeueHsupoBaHue: 25 ceHmabpsa 2021 TMbpUAHbIX COPOEHTOB B COCTaBE C MOAMMEPHBIMM CMOMAMU UAM NPUPOAHBIMM Buonoanmepamm.
MpuHATa B neyaTtb: 30 HoAbpA 2021 MpuBeaeHbl NPUMeEpbl UCMOMb30BAHUA KOMMO3UTHBIX (rMBpUAHBIX) COPBEHTOB ANA U3BAEYEHUA

MbILbAKA U3 PACTBOPOB C HU3KMMM KOHUEHTpauuamu (Ha yposHe MAK). Llenb HacToswei cratbn —
0606WNTb aKTyanbHylo WHPOPMALMIO O Haubonee BaxKHbIX 0COb6eHHOCTAX Mo-cogepiKalmx
XUTO3aHOBbIX M Pa3paboTaHHbIX HAMW XWUTO3aH-YINEPOAHbIX MaTepuanax ANA WCNO/b30BaHUA WX B
npoueccax YyAaneHUs  MbIWbAKA Ha YPOBHE HU3KUX KOHUEHTPaLMU [0  KOHLEHTpauui,
yaosneTsopstowmx TpebosaHnam BO3. B paboTte npeacraBaeHbl faHHble N0 COPOLUMOHHbBIM CBOMCTBAM
Mo-copepiKalnx aKTUBUPOBAHHbIX YrePOAHbIX BOMIOKOH U XWUTO3aH-YINepOoAHbIX KOMMO3ULIMOHHbIX
MaTepuanos MO OTHOLWEHUIO K MbIWwbAKY (V) Npu M3BNEYEHUUM €ero W3 BUAWUCTUAIMPOBAHHON WU
BOZOMNPOBOAHOM BOAbI, NONYYEHHbIE B CTAaTUYECKUX U MHAMUYECKUX YCN0BUAX. OBCYKAIOTCA MPUYUHBI
pasnnYHOro noseAeHNs copbeHToB B 3aBUCMMOCTM OT GOPMbI OCAXKAEHHOTO HA BOJIOKHO 61Mononnmepa
M YCTOMUYMBOCTb COPHEHTOB B NpoLiecce copbLMM MblLLbAKA.

KnioueBble cnoBa: MbllWbAK, copbums, KOMNO3WTbl, rMbpuaHble COpBEeHTbl, yrnepoaHoe BOMOKHO,
XWUTO3aH.
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