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The results of studying the sorption properties of bifunctional carbon sorbents
obtained from dogwood seed shells are presented. It is shown that the greatest
content of surface oxygen-containing groups is provided by oxidation of
carbonizates by hydrogen peroxide generated in an electrochemical cell.
The optimal oxidation mode was the use of 5 M sulfuric acid solution as an
electrolyte, and the current density was 15 mA/cm?,

The sorption of Fe*, Cu?*, Ni¥, Sn%, AI3*, Mg?, Ca®" ions was studied
under static conditions at pH 1.5-6.0. It is shown that the highest degree of
extraction of these ions is observed at pH 4.5-5.0. The optimal conditions of
extraction of the ions, distribution coefficients and static sorption capacities are
presented. According to the distribution coefficients, the indicated ions are
distributed as follows: Fe?* > Cu®* > Ni?* > Sn?* > AI¥* > Mg?* > Ca®*".
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Introduction. Unfavorable ecological conditions in the environment and, as
a result, various diseases that lead to the accumulation of various toxic substances
in the organisms of human beings and animals require a new approach in dealing
with health security issues. Currently, the most effective way to solve this problem
is sorption detoxification of the bodies of animals and people. These include
hemosorption, i.e. purification of blood outside the body, plasma sorption,
lymphosorption, enterosorption, i.e. detoxification of the body in gastrointestinal
tract and others.

The most promising method of detoxification is hemosorption, which is
based on the removal of various toxic substances from the body at different
diseases — cancer, anti-immune, infectious, allergic and others.
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Depending on the type of connection between the sorbent and sorbtive, hem
sorbents conventionally are divided into two groups. The first group includes
neutral adsorbents such as activated carbons, silica gels, alumina gels, neutral
copolymers without ionic groups. Their sorption properties are due to van der
Waals interactions between the adsorbent and adsorbate. Therefore, their sorption
capacity is determined basically by their textural parameters — specific surface area,
average pore size, specific pore size, fractal dimension of the surface, etc.

To the second group of hemosorbents belong ion exchange sorbents, the
sorption properties of which are mainly due to the chemical nature of the surface.
From a practical point of view, combined or bifunctional sorbents have broader
applications which have the properties of both types of sorbents. The basic method
of their preparation is to provide different functional groups at the surface of
neutral sorbents by means of chemical modification [1-4].

For medical applications the main focus is on carbon sorbents, as they
mostly meet quite strict requirements introduced to medical sorbents. To get such
adsorbents, generally cheese of vegetable origin is used, mainly various fruit pits,
since they provide not only the highest degree of chemical purity of the sorbents,
but also the required reproducibility of the properties of the sorbents. The article
presents the results of the study of sorption properties of bifunctional carbon
sorbents obtained from the shell of dogwood seels.

Materials and Methods. For carbonization (charring) of pre-washed water,
dried at a temperature of 120°C and crushed (particle size — about 1 mm) dogwood
seed shells, direct heating was carried out in an electric oven in a rotating quartz
reactor in a stream of air or nitrogen (flow rate 0.1-0.5 L/min) with a programmed
heating mode at a rate of 50°C/h, in the temperature range of 200-700°C (Fig. 1).
After reaching the required temperature, the samples were removed from the
reactor and cooled in a desiccator to room temperature temperatures, weighed and
determined by mass loss.

Fig. 1. Scheme of the plant to obtain carbonates:

1) rotating quartz reactor;
2) feedstock;

3) thermocouple;

4) condensate receiver;
5) gas supply valve;

6) tripod;

7) electromotor;

8) heater with thermostat;
9) reflux condenser.

The oxidation of carbonates was carried out at room temperature in an
electrochemical cell with intensive mixing with a magnetic stirrer. After drying the
samples at 105°C, the content of oxygen-containing surface functional groups on
the surface of oxidized carbons was determined by the selective neutralization
according to the method described in [5].
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Results and Discussion. To obtain carbonizates — products of thermal
decomposition of the original plant raw material, a unit with a rotating quartz
reactor was used (Fig. 1). This unit allows carbonization to be carried out both in a
flow of various gases and in an atmosphere of rarefied air. In addition, it allows
heating at a certain speed. Further oxidation of carbonates with various oxidizers
made it possible to obtain sorbents with an oxidized surface.

As shown by the corresponding measurements, the largest content of surface
oxygenated groups is provided by oxidation of carbonates by hydrogen peroxide
generated in an electrochemical cell (Fig. 2). The optimal mode of oxidation is the
use of 5 M sulfuric acid as an electrolyte solution and density of the current of
15 mA/cm?,

Fig. 2. The scheme of installation of electrochemical
oxidation carbonates:
1) power source;
2) graphite electrodes;
3) glass partition;
4) electrolyte;
5) magnetic stirrer;
6) oxidizable carbonate;
7) electrolyte bridge.

To determine the nature of the functional groups on the surface of oxidized
sorbents they are usually titrated with the bases of varying strength — NaHCOs,
Na,COs;, NaOH and C;HsONa [5, 6]. Given that the hydrocarbonate neutralizes
the stronger acid sites, these centers carbonate and carboxyl centers, NaOH - as
phenolic centers and C,HsONa — all the acid sites on the results of the titration of
these agents can be judged on the availability of certain functional centers on the
oxidized surface of carbon sorbents.
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Scheme of the surface functional groups on the oxidized carbonate.

Scheme shows of such groups that are most frequently detected on the
surface of oxidized carbon sorbents.
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In case of insufficiency of water it is likely to form a surface of anhydrate
groups | (see Scheme). In this group the hydration proceeds to state I, a carboxyl
group, a phenolic hydroxyl group and four membered lactone ring which, under
certain conditions, for example under the influence of soda may open and regroup
into a quinoid structure to form another carboxyl group. Il and IV groupings
contain typical carboxyl and phenolic acid groups, which are partially ionized.

As a result of studying the sorption of Fe?*, Cu?*, Ni?*, Sn?*, AI**, Mg?*, Ca®
ions under static conditions at pH 1.5-6.0, it was shown that the highest degree of
extraction of these ions is observed at pH 4.5-5.0, and according to the distribution
coefficients they are distributed as follows: Fe?* > Cu? > Ni# > Sn?* > APF* >
> Mgz+ > Ca2+.

Table shows the main physical and chemical properties of the obtained
sorbent. It not only has the largest number of functional groups, but is also
characterized by a large specific surface area that is at Aranovich 280 m?/g.

Basic physical and chemical characteristics of the oxidized sorbents

Property Value
Bulk density, kg/m? 420
Aranovich specific surface, m?/g 280
The specific pore volume of water sorption, cm3/g 0.35
Mechanical crushing strength, kg/cm? 34
Ash content, % 1.8+0.2
The average pore diameter, nm 20+2
The sorption capacity for iodine, mg/g 35+2
The sorption capacity of Methylene Blue, g/g 25+2

Conclusion. Thus, it has been shown that the highest content of surface
oxygen-containing groups is provided by the oxidation of carbonates with
hydrogen peroxide generated in an electrochemical cell. The optimal oxidation
mode turned out to be the use of a 5 M sulfuric acid solution as an electrolyte, and
the current density was 15 mA/cm?,

As a result of studying the sorption of Fe*, Cu?", Ni?*, Sn?*, AI**, Mg%,
Ca?" ions under static conditions at pH 1.5-6.0, it was shown that the highest
degree of extraction of these ions is observed at pH 4.5-5.0, and according to the
distribution coefficients they are distributed as follows: Fe?* > Cu?* > Ni?* > Sn?* >
> A|3+> Mgz+> Ca2+'
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Uhpjuyugyud b hnth Ynphqbtiph Ytnihg unwgyud phdpniayghnig
wohuuyhlt unpplitintitiph unppniduyhtt hwnnipnLbtitipp: 8nyyg L wpjwo, np

dwjiplinipuyhtl ppywotwuynp $niijghntiuy hiptinh wnwybugnyyit wupni-
twnipynibtl wywhnyymy £ Lhajupuphdhwljub ppenmd ghtpugyumd opw-
o0lh whtpopuhnny Juppnbhquubtph opuhnugdunip: Opuhnugdwi owympiuy
ntidhtht hwiwwyuunuwuhwbind £ peyh 5 M §nighinpughwt W 15 40 u?
hnuwiiph hannipyniip:

Nruniitwuhpyty £ ununhl wuydwbbbpnd Fe?*, Cu?*, Ni*, Sn*, AP,
Mg?*, Ca?** hnbltiph unppghwb pH 1.5-6.0 wuwydwbbtipmy: 8nyg £ wpyt,
nn opuyht nLonyphtinhg wyn hnbbtph §npgdwb wnuwbugnyt wunmhbwbin
nhwnynid £ pH 4.5-5.0 wuydwbbtpnid: Ghpuyugquo th hnbdbtph Ynpgqdwb
owyunhudw] wuydwbbtinp, npuig puphudwd gnpéwjhgitipp b unwnhlyy unppni -
duyht nLbwynipiniin: Mwpqyt k, np pun pupudwd gnpdwhgitiph hnbitpp
puphuynid Lo htnpyuy Ytpy' Fe?* > Cu?* > Ni?* > Sn?* > AIP*> Mg?* > Ca?*:

C.b. MXUTAPSH, C. M. BAPJAIIETAH, O. A. KAMAJISIH

M3YYEHUE COPBLIMOHHBLIX CBOVCTB OKHCJIEHHBIX
COPBEHTOB, ITOJIYYEHHbBIX N3 KOCTOYEK KHU3MNJIA

[TpuBeneHs! pe3yabTaThl H3yYSHUS] COPOIIOHHBIX CBOMCTB OM(YHKIIMOHAIIb-
HBIX YIJIEPOJIHBIX COPOEHTOB, MOJYYEHHBIX U3 KOCTOYEK Ku3mia. [lokasaHo, 4To
HanOoJIbIIee COAEpKaHNe MOBEPXHOCTHBIX KHCIOPOACOACP)KAINX TPy obecte-
YUBACTCS OKHCIEHHEM KapOOHHM3aTOB IEPOKCHIOM BOAOPOA, TCHEPUPOBAHHOTO B
ANEKTPOXUMHYECKOH styeiike. ONTHMAIbHOMY PEXUMY OKHCIICHHS COOTBETCTBYIOT
KOHIIEHTpals 5 M pacTBOpa CEPHOI KUCIIOTHI U TNIOTHOCTH ToKa 15 mAlcm?,

Hsyuena copbuus wonoB Fe?*, Cu?*, Ni%¥, Sn?, AP, Mg?, Ca? B
cratnueckux ycioBusx npu pH 1.5-6.0. Ilokazano, uto HauOoiplias CTENEHb
U3BJICUCHHS ITUX MOHOB HaOmoxaercs npu pH 4.5-5.0. [IpeacraBneHs onTHMalb-
HbIC YCJIOBHS M3BJICUCHHS HOHOB, KOI(M(HUIMEHTH! paclpe/ie/ieHUsI U CTaTHYECKUE
copbumonHble eMKocTH. Ilokazano, 4rto mo koddunneHTaM pacupenesieHus OHH
HaXOJATCS B cleytomei 3aucumoctu: Fe?>Cu?*>Ni?*>Sn?*>Al**>Mg?*">Ca?".



