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The review analyzes issues related to the reactivity of nucleophiles and the manifestation
of the a-effect in substitution processes at electron-deficient centers. The fundamental aspects
of this phenomenon, as well as the possibilities and prospects of using a-nucleophiles in sys-
tems for the highly efficient degradation of substrates - ecotoxicants of various natures, are

discussed.
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8. Use of micellar systems to increase the ef-
ficiency of reactions of ecotoxicants degradation
by supernucleophilic reagents

It is rather difficult to create a compound
that, in an aqueous solution, would be superior
to the hydroxylamine anion in its nucleophilic
reactivity. Therefore, the way to increase the
efficiency of systems for the splitting of ecotox-
icants should be not so much trough the struc-
tural modification of the splitting agent, but
rather trough the use of alternative methods
of influencing the reaction rate, for example,
by changing the properties of the medium, in
which it occurs [3, 4, 7, 8].

Microorganized media (micellar solutions,
microemulsions, ionic liquids, concentrated
aqueous solutions of quaternary ammonium
salts, etc. 3, 4, 7, 8, 94-100]) have been in the
center of attention of researchers for quite a
long time. They are widely used to solve sev-
eral applied and fundamental problems, such
as modeling biological objects [38, 96, 100],
implementing various technological processes
[96, 98], preparing samples for chemical anal-
ysis [97], etc. Carrying out chemical reactions
in microorganized systems is of great practical
interest since it opens up new possibilities for
influencing the rates and products of reactions
[94-100].
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The undoubted advantage of micellar sys-
tems, in comparison with other organized mi-
croheterogeneous media, lies in the fact that
a radical change in the properties of the me-
dium is achieved by introducing sufficiently
small amounts of micelle-forming substances
(in quantities higher than the critical concen-
tration of micelle formation, which is about
10 — 102 mol-l"') [96, 97]. In this case, the
main component of such systems in most cases
is water, which makes them extremely attrac-
tive for practical application from the stand-
point of “green” chemistry [101].

Carrying out the process of cleavage of or-
ganophosphorus ecotoxicants in the presence
of surfactant micelles allows solving the prob-
lem of solubilization of substrates (most OPCs
are poorly soluble in water) [75-78], as well as
increasing the observed reaction rate due to
the implementation of the micellar catalysis ef-
fects [3, 4, 7, 8, 96-99].

8.1. Features of the course of chemical reac-
tions in the presence of surfactant micelles.

The presence of surfactant micelles can
significantly affect the rates of chemical reac-
tions due to the implementation of the micel-
lar catalysis effects [96-99]. The essence of it is
change in the local concentrations and reactiv-

Micellar phase

AM +

Aqueous phase

A +

B

ity of substrates and reagents when the reaction
is transferred to the micellar pseudophase, as
well as the shift of protolytic equilibria in such
solution. The nature of the effect (catalysis or
inhibition) depends on surfactant type (cati-
onic, anionic, nonionic) the reagent charge. In
most cases, cationic detergents accelerate re-
actions involving negatively charged particles,
and anionic - positively charged ones. Non-
ionic surfactants, in the case of using charged
or sufficiently polar reagents, practically do not
change the reaction rate [98, 99].

To describe the kinetics of the processes oc-
curring in the presence of surfactant micelles
two main models are usually used - pseudo-
phase distribution and ion-exchange [98, 113-
120].

The pseudophase distribution model pro-
posed by Berezin et al. [98, 113-115], based
on the fact that surfactant solutions above the
CMC consist of two phases (aqueous phase
and micellar pseudophase), between which
there is an equilibrium distribution of reagents
occurts that is not disturbed by the proceeding
reaction. It is assumed that the reagents do not
affect properties of micelles and do not change
the CMC.

In general, the kinetic scheme of the bimo-
lecular reaction proceeding in such a system
can be represented as follows (Fig. 14).

ky
S,,———> Reaction products

ke
S,—— Reaction products

Fig. 14. Scheme of a bimolecular reaction proceeding in the presence of surfactant micelles: where

S

P =[S] /[S], and P, = [A] _/[A]  are the distribution coefficients of the substrate (S) and the reagent (A);

k_wk ,lmols" are the reaction rate constants in micellar pseudophase (m) and aqueous phase (w)

respectively
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The mathematical expression for the ob-
served reaction rate constant k , s, in this case
will have the form:

_ k,PRCV_ +k, (1-CV))
T (I+ (B -DCV, ) +(R-DCV,)

(7)

In equation (7), C, mol-1"}, is the total sur-
factant concentration minus the CMC; V_,
I-mol-, is the molar volume of the surfactant.

Taking into account that, in the case of di-
lute surfactant solutions, the volume fraction of
the micellar pseudophase is small (CV << 1),
and we assume that the binding of reagents oc-
curs efficiently (P, P, >1), expression (7) can
be simplified:

o Uk I VK KC ok,
" (1+K,C)(1+KC)

where K= (P,-1)V_and K, =(P, - 1) V_are
the binding constants of the reagent and sub-
strate with the micellar pseudophase.

The pseudophase distribution model de-
scribes most of the processes occurring in the
presence of surfactant micelles quite well [98,
114]. However, when studying reactions in-
volving high concentrations of small hydro-
philic ions, such as, for example, hydroxide
ion, its use does not give an adequate picture,
since in this case the processes of ion exchange
in the Stern layer begin to play a decisive role
[116, 117]. To describe the kinetics of such re-
actions, it is advisable to use the ion-exchange
model, which considers this feature and allows
calculating the ion exchange constant charac-
terizing the saturation of the Stern layer with
reactive counterions. This model is described
in detail in papers [116-120]. Unfortunately,
the direct determination of the ion exchange
constants is a rather complicated experimental

(8)

https://ucj.org.ua

problem [116, 117], which in many cases sig-
nificantly limits the possibilities of its applica-
tion.

8.2. Reactions of ecotoxicants cleavage by
nucleophilic reagents in micellar systems

The use of cationic surfactants solutions as
a medium for carrying out the degradation of
ecotoxicants by nucleophilic reagents makes it
possible to effectively solubilize OPC, most of
which, in the absence of detergents, are poorly
soluble in water, as well as to ensure the wet-
ting of hydrophobic and highly developed
surfaces [4, 8, 77, 96]. In this case, the reali-
zation of the effects of micellar catalysis leads
to an additional increase in the rate of the
process of electron-deficient substrates cleav-
age by nucleophilic reagents (hydroxide ion,
oxymate, hydroxamate ions, etc.) by a factor
of 10-10° [85-88; 113-131]. In works [85-88;
113-131], it was repeatedly shown that at the
background of minor changes in nucleophilic
reactivity during the transfer of the reaction
from water to the micellar pseudophase, an in-
crease in the reaction rate is provided due to
the concentration of reagents in surfactant mi-
celles. As a rule, in reactions involving organic
nucleophiles, the concentration effect is more
pronounced than for inorganic ones. Thus, for
example, in the reactions of alkaline hydroly-
sis of the substrates indicated below, it is, on
average, one order of magnitude, and for re-
actions with 3-bromobenzaldoxime - from 60
(p-nitrophenyl acetate) to 2-10° (p-nitrophenyl
heptanoate) times [115].

A typical profile of a bimolecular reac-
tion proceeding in the presence of cationic
surfactant micelles is shown in Fig. 15. With
an increase in the concentration of the de-
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tergent, the reaction rate increases, reaches
a maximum, and then decreases. This type
of dependence is because with an increase in
the surfactant concentration, the number of
reagents bound by the micellar pseudophase
increases. After the entire substrate and the
agent that decomposes it are bound by mi-
celles (maximum point), a further increase in
the surfactant concentration will lead to a de-
crease in the reaction rate due to an increase
in the volume of the micellar pseudophase
and, as a consequence, a decrease in the local
concentrations of reagents [131].

6000 -
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20004 9 N
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T
o \
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Fig. 15. Micellar effects of cetyltrimethylammo-
nium bromide (CTAB) for reactions of interaction
of 4-nitrophenyl diphenylphosphate with 4-ni-
trobenzaldoxymate (®) and 2-quinolin aldoxymate
(O) ions [131].
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9. Functional surfactants containing an a-nu-
cleophilic fragment are highly effective reagents
in the transfer of acyl groups.

Despite the fact that the presence of cat-
ionic surfactant micelles makes possible to
significantly increase the rates of the reactions
of model substrates cleavage by nucleophilic
reagents, the efficiency of such systems is still
insufficient [4, 8]. First of all, this is due to
the fact that the binding of nucleophiles by
the micellar pseudophase is often character-
ized by rather small distribution coefficients
[85-88, 113-131]. One of the most promising
ways to increase the efficiency of nucleophilic
reagents binding to micelles is to create func-
tional detergents - surfactants, containing in
their structure reactive fragments. When this
approach is implemented, the concentration
of nucleophilic groups on the micelle surface
will always be equal to the surfactant concen-
tration [3, 4]. Since micellar systems were re-
peatedly used as models of enzymes [38, 96,
100], initially groups and fragments of amino
acids were introduced into the structure of sur-
factant molecules, which are present in the ac-
tive center of enzymes and are responsible for
the catalysis. During the development of this
direction, a large number of functional sur-
factants of the most varied structure were syn-
thesized and studied, containing as a reactive
fragment an imidazole nucleus (XXX -XXXVI
[132-140]), hydroxyl (XXXVIII -XLII [132,
136, 137, 139, 141-144]), thiol (XLIII-XLVI
[138, 140, 145, 146]), amino group (XLVII-
XLVIII [140, 145]), etc. However, an increase
in the rate of model substrates splitting with
these functional detergents, in comparison
with alkaline hydrolysis in the presence of
non-functional surfactants, was small (it was

ISSN 2708-129X. YKp. xim. XypH., 2020
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1.5-6 times) and significantly lower than the
rates of enzymatic reactions [132-146]. These
data clearly demonstrated that the introduc-
tion of fragments of “normal” nucleophiles
into the structure of surfactants does not give
the expected results.

A much more productive direction in the
design of the structure of highly reactive func-
tional surfactants was the use of an a-nucleo-

https://ucj.org.ua

phile fragment as a functional group [3, 4, 7,
8, 10, 11]. Such detergents supports providing
not only effective solubilization of sufficiently
hydrophobic and, as a result, poorly water-sol-
uble substrates (such as most organophospho-
rus pesticides and neuroparalytic CWA) [75-
78], but also their abnormally fast degradation
due to a-effect of a functional fragment [3, 4,
7, 8, 10, 11]. At the moment, the main types
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of functional surfactants containing a super-
nucleophilic fragment are detergents based on
hydroxylamine derivatives [147-172], as well
as detergents, which include peroxy [173] and
iodosocarboxylate groups [11, 174-146].

9.1. Reactivity of functional surfactants based
on hydroxylamine derivatives.

Between functional a-nucleophilic frag-
ments to be introduced into the surfactant
structure, the greatest and quite natural inter-
est was aroused by hydroxylamine. It is the an-
cestor of compounds of three different classes
(oximes, amidoximes, hydroxamic acids) that
are stable, easy to obtain and allow modifying
the basic structure within a wide range [10],
which is undoubtedly important in the search
for surfactants with an optimal combination of
properties. At the same time, effective work in
this direction will be difficult without develop-
ing a unified scientifically grounded approach
to modifying the structure of functional sur-
factants. Therefore, the main efforts should be
directed at establishing the patterns of changes
in the nucleophilicity of functional detergents
and developing a method that allows its pre-
diction [4].

9.2 Reactivity of functional detergents con-
taining a hydroxamate moiety.

A significant advantage of hydroxamic ac-
ids as cleaving agents over other derivatives of
hydroxylamine is that their functional group
transforms into a highly reactive anionic form
(hydroxamate anion) even at rather low pH
values. This allows carrying out the reactions
of decomposition of acyl-containing substrates
under “mild” conditions - when the acidity of
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the medium is close to neutral. In this regard,
the creation of surfactants containing a hy-
droxamate fragment seems to be very attrac-
tive and promising [4]. The main directions for
modifying the structure of these surfactants
included:

- changing the properties of the hydrophobic

fragment and the place of its introduction;

- introduction of catalytically active centers;

- introduction of positively charged centers.

By varying the length of the alkyl chain in
hydroxamic acids XLIX (Alk = CH ,, CH
CH,, C H,, C.H,), and studying their re-
activity in the processes of cleavage of a se-
ries of 3-nitro-4-acyloxybenzoic acids, it
was shown [147] that the transition from
non-micelle-forming (Alk = CH,,, CH,,) to
micelle-forming (Alk = C H_,, C_H, ) com-
pounds leads to an increase in the observed
reaction rate constants, while an increase in
the hydrophobicity of the substrate reduces the
rate of the process.

)
Alk

NHOH x711X

Results similar to those given above (cleav-
age of 3-nitro-4-acyloxybenzoic acids) were ob-
tained for the destruction of diphenyl phosphate
(DPP) [148; 149]. In this case, micelle-forming
hydroxamic acid (Alk = n-(CH ) CH,,-O-
(C,H,-O),CH,-) provided an increase in the
reaction rate by about 3 times compared to
non-micelle-forming (Alk = C_H ,). The intro-
duction of a chlorine atom into the 2-position
of hydroxamic acid led to the fact that even for
non-micelle-forming compounds (Alk = CH,
and C H,,), the rates of DPP cleavage became

ISSN 2708-129X. YKp. xim. XypH., 2020



A.F. Popov, I. V. Kapitanov, A. A. Serdyuk, A. E. Shumeiko

UCJ Ne 8 / Vol. 86

comparable to the rates of cleavage in the pres-
ence of micelle-forming surfactant [148, 149].
Replacement of an inert phenyl fragment in
hydroxamic acid by an imidazole nucleus leads
to an approximately twofold increase in the
rate of NPA cleavage [155]. The observed ef-
fect is explained by the implementation of in-
tramolecular catalysis of the process of the hy-
droxamate ion deacylation with an imidazole
fragment. The -CH,-CH, - bridge between the
carbonyl group and the imidazole nucleus re-
duces the rate of NPA cleavage [155].

The introduction of tetraalkylammonium
[148; 149], imidazolium [151, 157-160] or
pyridinium [151] positively charged center in
hydroxamic acid leads to an increase in its sol-
ubility in water [151, 148, 158], and undoubt-
edly, reduces the constants of acid ionization
of the hydroxamate fragment. An increase in
the distance between a functional group and a
charged center neutralizes influence of the lat-
ter [156]. Replacing methyl groups with reac-
tive acethydroxamate fragments not only does
not lead to an increase in the observed rate of
DPP cleavage, but even decreases it by about a
factor of 2 [148, 149].

Under the same experimental conditions,
the observed rate constant of the cleavage re-
action of NPA by a 2-methylimidazolium
functional detergent practically does not differ
from that for an unsubstituted imidazolium
surfactant containing a pyridinium nucleus
[151]. This indicates the absence of a marked
influence of the heterocyclic nucleus nature on
the reactivity of the hydroxamate fragment.

9.3 Reactivity of functional detergents con-
taining an oximate fragment.

Compared with other directions of modi-
fication, the introduction of an oximate frag-

https://ucj.org.ua

ment into a surfactant molecule has several
advantages: firstly, it allows obtaining a large
number of compounds with basicity varying
over wide ranges [4, 10, 158], and secondly,
surfactants functionalized with an oximate
fragment are superior in solubility in water to
the derivatives of hydroxamic acids and ami-
doximes [158]. It should also be noted that
additional interest in this area is caused by the
fact that it was on the basis of oximes that the
most effective antidotes for OPC poisoning
(pralidoxime (PAM), isonitrosine, dipiroxime,
etc.) were created [77-79], the intensive study
of analogs of which continues at the present
time [53-61, 92, 93].

The studies carried out cover compounds
with a rather diverse structure [148, 149, 154,
157-172], and in papers [148, 149, 161-167]
much attention was paid to the study of the re-
activity of surfactants, the head group of which
is structurally similar to AChE pyridinium re-
activators (2-PAM, 4-PAM, etc. [77-79]).

The modification of detergents containing
an oximate fragment was carried out in the fol-
lowing directions:

- varying the counterion structure;

- varying the length of the alkyl chain;

- varying the nature of the head group.

Influence of the anion nature. Varying the
structure of the anion (Cl, Br, I, MsO,
TsO"), carried out for surfactants of different
structures [162, 163, 170], made it possible to
demonstrate that their reactivity is practically
independent of the nature of counterion.

Varying the length of the alkyl chain. The
transition from non-micelle-forming com-
pounds (Alk < C H,,) to micelle-forming ones
(Alk > CH ) is accompanied by a decrease
in the half-transformation time of model sub-
strates into reaction products [162, 163], which
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is explained by the realization of the micellar
catalysis. Information on the nature of the ef-
fect of an increase in the length of alkyl chain
on reactivity of micelle-forming substances
(with Alk > CH,,) is very contradictory. The
data are given, from which it follows that with
an increase in the length of the alkyl chain, for
some cases the nucleophilicity of the function-
al group increases, while in others the same
dependence has the opposite character [148,
162, 167]. The differences in the data obtained
can be caused by the fact that with an increase
in the length of the alkyl chain, the solubility
of the surfactant in water decreases and this
leads to complete dissolution of detergent
with Alk = CH,_ [148] at a concentration of
6.0-10 mol 1", and partial dissolution of those
with Alk=C _H, . and C H,, [148]. A decrease
in the amount of a dissolved substance leads to
the observed effect of a decrease in the rate of
DPP cleavage with an increase in the length of
the alkyl chain.

Varying the nature of the head group. The
literature [148, 149, 154, 157-172] describes
functional detergents containing imidazolium,
pyridinium, tetraalkylammonium fragments
and an oximate group in the head part of the
molecule. The study of their reactivity in the
processes of model substrates (NPA, DPP, NP-
DPP, NPDEP, NPDEP, NPDETP, NPTS, NPB)
cleavage showed that they are effective accep-
tors of acyl groups. Unfortunately, it is rather
difficult to carry out a full-fledged comparative
analysis based on the available literature data
(148, 149, 154, 157-172]. This is because the
authors use substrates of different reactivity
and hydrophobicity, and reaction conditions
are significally different (surfactant concen-
tration, degree of ionization of a functional
fragment, degree of substrate binding, temper-
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ature, additives of co-detergents, organic sol-
vents, etc.).

9.4 Reactivity of functional detergents con-
taining amidoximate fragment.

Functional surfactants based on pyridine
[161] and imidazole [157-160], containing
amidoximate group as a reactive fragment, are
close to functional detergents containing oxi-
mate ion in terms of the cleavage efficiency of
model acyl-containing substrates. However,
since amidoximate group has higher basicity,
the cleavage reactions have to be carried out
in strongly alkaline media, which is less pref-
erable from a practical point of view [4]. Their
rather low solubility in water should also be
noted, which creates additional experimental
difficulties. Even when using additives of or-
ganic solvents (ethyl alcohol, acetonitrile) and
co-detergents (CTAB), it is extremely difficult
to obtain stable solutions of these substances
with a concentration sufficient for effective
binding of model substrates [157-161].

9.5. Reactivity of functional surfactants con-
taining a peroxy group.

Hydroperoxide anion is one of the most
effective a-nucleophiles in substitution reac-
tions at unsaturated electron-deficient centers
[4]. Along with that, only one work [173] is
devoted to its introduction into the detergent
molecule and the study of the properties of the
obtained functional surfactants.

- H
C16H33\\N/\/ 00
CF3805 |

L
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Detergent L, described in [173], was iso-
lated in the form of a mixture with functional
surfactant XXXVII, which served as a start-
ing material for the synthesis of L (the content
of the target product L was 60-70%). When
studying the kinetics of NPA cleavage by a
XXXVII / L mixture, cetyltrimethylammoni-
um chloride (CTAC) additives were used as a
co-detergent (molar ratio of the components
of co-micelles L:XXXVII:CTAC = 6:5:4). The
observed rate constant of the NPA splitting in

O

RO (a)
5 R: CsHir (6)
4 Ci6Haa(CHz)NCH,CH, (B)
\ +
(@]

Cl:Hz(CHg)ZNCHzCHz
CHOOCC5Hs;4

LI

CH,00CC15Ha4

An undoubted advantage of these com-
pounds is that their functional group can be
converted into an ionized form at pH values
close to neutral (see table).

Thus, compound LI (b), being one of the
most effective nucleophilic reagents of this

Table

the presence of the L / XXXVII / CTAC co-mi-
celleswas 0.4 s (1.42/1.30/ CTAC =0.045M,
pH = 8), which is ~ 500 times higher than the
observed rate constant for the NPA splitting by
arylate ion, which has the same basicity, but in
the absence of surfactants.

Another rather attractive direction in the
design of systems for the degradation of organ-
ophosphorus ecotoxicants is the creation and
study of surfactants containing an iodosocar-
boxylate group [11, 174-176].

Q
O.
\
Y
| R’: CsHiz  (a)
\r‘w_ Ci2Has  (0)
R CisH3z (B)
LII

type, in co-micelles with CTAC, provides ex-
tremely high rate of NPDPP cleavage in a
weakly alkaline medium (pH = 8.0) [174], and
LII (c) allows carrying out decomposition re-
actions of organophosphorus substrates al-
ready at pH > 6.0 [176].

Reactivity of functional surfactants containing iodosocarboxylate group
in the process of NPDPP cleavage; pH 8.0, [PD] = 1.0-10* mol-1", 25 °C.

Ne |Compound |pK, [CTAC], mol-1" |k s T, S Ref.
1 |l () 7.20 2.0-10* 1.04 0.7 [174]
2 |LI (6) 6.45 2.0-10 1.14 0.6 [174]
3 |LI (8) 7.20 2.0-10*" 0.014 50 [175]
4 |LI (2 <5.0 1.0-10* 0.0038  |182 [176]
5 |LII (6) <5.0 1.0-10* 0.071 10 [176]
6 |LI (8) 4.85 1.0-10* 0.18 4 [176]
Remark. "CTAB was used as co-detergent.
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The disadvantage of such functional deter-
gents containing iodosocarboxylate group is
low solubility in water, which significantly nar-
rows the possibilities of their use [4, 11].

CONCLUSIONS. Thus, the presented ma-
terials show the following:

1) The phenomenon of the a-effect plays
an important role in understanding the nature
of the nucleophilic reactivity and the mecha-
nisms of nucleophilic reactions involving both
“ordinary” organic and inorganic nucleophiles
and a-nucleophilic particles.

2) The use of a-nucleophilic reagents as the
basis of formulations for the cleavage of eco-
toxicants makes it possible to provide abnor-
mally high rates of degradation of acyl-con-
taining substrates.

3) The use of nucleophilic oxidation sys-
tems hypohalogenic acid / hypohalogenite ion,
hydrogen peroxide / hydroperoxide ion allows
splitting substrates of various chemical nature
with high efficiency.

4) Introduction of an a-nucleophilic frag-
ment into the structure of surfactant mole-
cules leads to the creation of supernucleophilic
functional detergents, which are one of the
most effective reagents in the processes of de-
composition of acyl-containing ecotoxicants.
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[IpoBeneno aHami3 fAaHuX i3 peakwuinHOI
3JJaTHOCTI TUIIOBMX HEOPraHIYHMUX A-HYKJIEO-
¢iniB y nmporjecax posIuenyieHHs auyIBMiCHAX
cybcrparis, y ToMy uncni egipiB kucnor ¢oc-
dopy, sAki 3abe3neyyroTh aHOMa/JIbHO BYCOKI
IIBUJKOCTI peakiiyi IOpiBHAHO 3 iHIIMMU CY-
nepHykiteodinamu. PosrmsaHyTo pisHi Buan
TaKUX O-HYKIeoQisniB, 0coOMMBOCTI IXHBOI
CTPYKTYypM i peakuilinoi sgarHocTi. ITokasano,
[0 BX/IMBOI OCOOIMBICTIO TiffpoKcMmIami-
HY, OKCUMIB 1 TiIpOKCaMOBMX KUCIOT € HasAB-
HicTh parmenty i3 cymbxHuMy aromamu O i
N (-N-O-H), mo wmictare ogHy ab6o Oimbie
HEIIO/II/IEHNX I1ap €/IEKTPOHIB, 1110 1 BU3HAYAE
IXHIO IPYHA/IEKHICTD 0 KIacy a-HYKIeo]iiB.

[ToxasaHo, mo 3a nposAB a-edexry i 7oro
BE/IMYMHY MOXYTb OYyTH BiAIoOBigambHMMU
Iji/la HM3Ka (PaKTOpiB, OCHOBHUMMU 3 SKUX €
fectabinizalii OCHOBHOTO CTaHy HYyKr1eodi-
7y BHACIIOK BiJIITOBXYBAHHA HEIOM/IEHNX
e/IeKTPOHHUX TMap, crabimisanis mepeximHo-
IO CTaHy, He3BM4YaliHa TepMOJVHaMiyHa CTa-
OiNbHICTD TPORYKTIB peakuii, combBaTali-
ViHi eeKkTM pO3YMHHMKA, THH Tibpmpamsanii
e7eKTpodiIbHOTO LIEHTPY Ta iH.

Oco6nuBuil iHTepec BUK/INKAE BVBYCHHA
HYK/Ieo(iNbHOI peakIifHOI 34aTHOCTI OKCK-
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MaT-iOHiB, AKWil 3YMOBJIEHUI, IIEpII 3a BCE,
Ti€l0 06CTaBUHOI, 10 CaMe B PARY LbOTO KIa-
cy a-Hykiaeodinis 6yno 3HaiiieHO epeKTVBHI
AaHTUJOTYU — PEAKTUBATOPY ALLETUIXOTIHECTe-
pasu. IlokasaHO aHOMa/IbHO BUCOKY peaKIIiii-
HY 3[JaTHICTb HEOPraHIYHMX a-HYK/IeodimiB —
HOO- i ClO" ioHiB, AKi BUKOPUCTOBYIOTb I
KOHCTPYIOBAaHHSA PELENTYP i3 METOI 3HUIEH-
H: €KOTOKCYKAHTIB i 60/10BMX OTPYIHNX pedo-
BMH. Bak/mBe 3Ha4eHHA Ma€ BUKOPUCTAaHHA
MIIIeJIIPHUX CUCTeM IS HifiBUINEeHHA edek-
TUBHOCTI peakliil pO3LIEeIIEHHA €KOTOKCHU-
KaHTiB CYIepHYKIeopiIbHUMI peareHTaMu,
CyTb fil AKMX IIONATA€ B 3MiHi JIOKa/JIbHUX
KOHIIEHTpallill i peakuiifiHoI 34aTHOCTI cy6-
CTpATiB 1 peareHTiB Ipy MEePEeHeCeHHI peaKIil
B MilleIApHY nceBnO(basy, a TaKOXX 3MIiIl[eHHS
IIPOTOIITUYHUX PiBHOBAr y TAKOMY PO34YMHI.
Tyt cnip 3asHaunTy, 10 HalO1/IbII IepCIeK-
TUBHUM IUIXOM HifIBUIIEHHS ePeKTUBHOCTI
3B>sI3yBaHHS HYK/IeO(iTbHNUX peareHTiB Milje-
JIaMMl € CTBOpPeHHA (QYHKIiOHAJIBHMX JieTep-
reHTiB — [TAP, mo MicTATb y CBOIll CTPYKTYpi
peakiiiiHosgatHi ¢parmentn. 3a peamisanil
TAKOTO Mi/IXOAy KOHILIeHTpalisi Hykmeodinb-
HUX I'PYII Ha IIOBEPXHi Mille/l 3aBX U 6y)1e I0-
piBHIOBaTM KOHLeHTpawuii ITAP.

HaBegeHni HamMmy [aHi cBifyaThb IpoO Iep-
CIIeKTUBHICTh IUIAXY CTPYKTypHOI Mopmmdi-
Kanii IIAP, mo npusBoguTb OO CTBOPEHHSA
cynepHykneopinbHUX (yHKIIOHATI30BaHNX
JIeTepPreHTiB, SIKi € OfHUMMU 3 HailbiIbII edek-
TUBHUX PEATeHTIB y IPOLeCaX PO3LeIIeHHsA
ALUVIBMiCHUX €KOTOKCUKAHTIB.

KniouoBi croBa: ¢pynkimionanizosani [TAP,
a-HyK1eodiny, MilenspHi crcTeMn, TifpoKCcu-
JaMiH, OKCUMM, aMiJOKCUMM, TilpOKCaMOBi
KUCJIOTY, IEPOKCUJIN.
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CBSI3aHHBIE C PEAKLMOHHON CIOCOOHOCTHIO
HyK/IeoWIoB ¥ NposiBIeHueM a-3ddexra
B IIpOLieccax 3aMeleHus y 9meKTpoHopedu-
IUTHBIX IeHTpoB. OOCYXIeHbl (yHITaMeH-
Ta/IbHbIE€ ACIIEKTHI 3TOrO SABJEHUS, a TaKXKe
BO3MOYXHOCTY ¥ IEPCIEKTUBbI VCIIOTb30BA-
HIIST A-HYK/IeO(UIOB B CHCTEMAX JIsI BBICOKO-
3¢ (eKTUBHOrO paclyenieHnss cyocTpaToB —
9KOTOKCMKAHTOB Pa3/INIHOI IIPUPOTIBL.
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Y MiKpoOITIAfi y3araJbHEeHO NiTepaTypHi Jpkepera 3a MeTOZaMI CUHTe3y (QYHKI[IOHa/IbHUX i OeH-
3aHeJIbOBAHIX ITOXITHMX rigpoBaHux nipupo[blasemninis 3a octanHi 10 pokis, Aki kracugikoBaHO Ha
4 OCHOBHI I'pyIM: IpOLeCH KaTaliTUYHOTO LIMKIOyTBOPEHH, PaJiyKa/lbHi peakliii, IeperpynyBaHHs
Bexmana ta nuknoauntoBasHs 3a Opigenem — Kpadrcom.

KimrouoBi cnmosa: nipupo[blaseninn, kaTamitidHe VK/IOyTBOPEHH:, pajKajIbHi peaxliii, meperpy-

ITYBaHHA BeKMaHa, IUK/JIOAIM/TIOBAHHA.

BCTVYII. Ilipuno[blaseninm € CTpyKTypHU-
MM aHajloraMyu 1-6eH3asemniHy — npuBabINBoO-
O TUITY TeTePOIVIK/IIB i3 HOTY>KHUM apMaKo-
norivHuM npodinem [1, 2], xoua i BUB4YeHO ix
3HaYHO MEHIIOI0 Mipo10. BpomoBx ocTaHHIX
POKiB iHTEepec 10 CIIONYK, AKi MICTATH Hipu-
no[b]asemniHoBmit KapKac, 3HAYHO BUPIC 3aBis-
KJI pO3IIVPEHHIO JIialla30Hy iXHiX 6i0/10TiYHNX
B/IaCTMBOCTEIA, 110 BK/IIOYAE IPOTUBIPycHY |3,
4], aHTUMIKpOOHY [5] Ta MIPOTUNYX/IMHHY aK-
TUBHICTh [6-9]. Okpim 1pBOro moxigHi mpu-
no[blasemniniB € epexTUBHUMM iHTiOiTOpamMM
R1P1-kxinasu [10-13], y6ikBiTun cnennmdiu-
Hux nporea3 (USPS) [14], umxmin-3anexHoi
kinasyu (CDKS) Ta miikoreHcmHTasu-kinasu 3
(GSK-3) [15], 6inka TRPMS [16], a Takox pe-
nenropis anriorensuny II (AT2) [17]. Bkpait
BX/IMBJM JiIsI CTBOPEHHS IIperapary s Ji-
KyBaHH:A OCTEOIIOPO3y € PO3pOOIeHHs Ha OC-
HOBI TeTparigpomipugo(2,3-blaseninoBoi cuc-
TeMM HETEeNTUHOTO aHTaroHicTa a B, [18].

Pe3ynbraToM aHeTIOBaHHA MipUAMHOBOTO
Afpa 1Mo TpaHi b asemiHOBOTrO LUKy € Qop-

MyBaHHA 4 TUIIIB i30ME€PHUX CTPYKTyp: Ii-
puno|[3,2-blaseninn I, mipupo[2,3-blaseninn
II, mipupo(3,4-blaseninm III Ta nipuno(4,3-b]
azeminu IV (Puc 1.).
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Puc 1. IsomepHi cTpykTypu nipupo[blaseninis

Crnig 3a3HAYUTH, WO HEPIINX PENCTAB-
HUKiB mipupo[blaseninoBux cucrem 6yno ot-
puMaHoO 111e B 60-X poKaxX MUHY/IOTO CTOITTA
[19], a B ocTaHHE OECATWITTS MOCTIIHUKNA
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3HA4YHY yBary 30Cepe>KyBajy K Ha CTBOPEH-
Hi IPVHIUIIOBO HOBMX, TaK i Ha BLOCKOHAJIEH-
Hi B)Xe BiJoMIX CIIOCO0iB IXHBOTO OffepyKaHHS.
3arajioM MeTOAM CUHTEe3y TipOBaHMX Hipu-
no[blaseminib Ta iXxHiX 6eH3aHeTbOBAHUX aHa-
JIOTiB MOYKHA KMacuQiKyBaTy Ha YOTUPU TPY-
II/: MeTaJI0KaTaiTUYHI peaklii, pajuKaabHi
LMKIi3alii, neperpynysanHa bekmana Ta nu-
knoanymoBanHs 3a Ppigenem — Kpadrcom.

MeTanokaranituysi peakuii

g oTpuMaHHA Pi3HOMAHITHMX TUIIB IIi-
pupo[b]asenmiHOBMX CHCTeM IIMPOKe ITOIIN-
PEHHA 3HAVILIV OMK/Ii3allil 3 BUKOPUCTAaHHAM
MeTasioKaTani3aropi. 30kpema, po3pobieHo
CIIOCi0 CeNeKTMBHOrO CMHTe3y mipupo|3,4-b]
asemiHiB 3a [OIIOMOrOI0 OiMONEKy/IApHO-
ro, KaTali30BaHOTO KOMIUIEKCOM KOOanbTy
[242+2]-uKknonprenHaHHs iHaMifiB i HiTpU-
niB y Tonyoni (Cxema 1) [20, 21].

Cxema 1

([1 RW
4
+
N TMS
Ts” = N

CpCo(CO)(dmfu) | 110 °C, 15 roa.

TonyeH 52-91%
_ y -
C C
=\ p P =\ P P R
Co,// N — Co, //
SN / - = ’,
/ // N 7
Ts H R Ts H
R Z I
Ns
™s !

Ts

dmfu = gumeTundymapat
R = Ph, C(O)OBn
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[ubensanenpoBani mipmpo(2,3-blasemninn
Oyno orpumano Karanmisopanorw Pd(OAc), mu-
KJIOKOHJIEHCALII€I0 2-aMiHOO€EH30MHOI KIC/IOTH
3 HiapuaiiofoHiit TpudaaToM, AKy peanisyoTb
3a CXeMOI0 KaCKaJTHOTO Ti-PO3ILINPEHOTO IeKap-
O6okcumoryoro aenoBadus (Cxema 2) [22].

Cxema 2
| - COOH
> D
R'I N NH * R ”R
4
-OTf
Pd(OAc), 145 °C, 15 roa.
KoCOs, AMOA | 42.65%
R'2=H, Me
AJIKiTIOBaHHAM N-(2-6pomnipupun-3-

in) 6ensoncynbdaminy 4-meHTEHONIOM, 3a
Minyno6y, (Cxema 3) oTpuMaHO BifHOBif-
Hy N-aJIKeHIINOXiHy, AKy B YMOBaxX BHY-
TPITHbOMOJIEKY/IAPHOI  peakuil Xeka Iif-
OaBaM AHEIBAHHIO 5-MeTWIeHA3eIiHO-
BOT'O LMKy, O30HOMI3 SKOTO IPU3BOAUB [0
N-cynpdoninsamimenoro nipupo[3,2-blase-
miH-5-oHYy [23].

ABTOopu [24] mnoBigoMmwIM TpO CUHTE3
N-anminmmipuno[2,3-blaseninony (Cxema 4) 3a
IOTIOMOTOI0 aMiH-CIIPSIMOBAHOIO KaTai3oBa-
HOTO KOMIUIEKCOM pofito (I) BHyTpimHbOMO-
JIEKY/IAPHOTO TrifipoanunoBaHHA. BifsnadeHo,
1110 HasIBHICTb a/TiIbHOTO 3aMiCHIMKA B aMiHHO-
MY CalTi MOJIEKY/IM 3HAYHO IIPUCKOPIOE peak-
1jifo i 30i/1b1ITy€ BUXifL III/TbOBOTO IPOAYKTY.
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Cxema 3
neHT-4-eH-1-on X
| SN PhsP, DIAD, Tr'® | N
—_— —
Y 99 % Br
_N
Pho,s PhO,s™ N
Pd(OAG),, (o-tol)sP [ 150 °C, 2 rog.
Et;N, DMA 31 %
o
N O3, Me;S, CHyCly N
I N
Z N 17 ropn, Z N
. - 0 '
PhO,S 78°C PhO,S

77 %

DIAD = guisonponin asogikapbokcunat
DMA = N,N-gumeTtunauetamig

CxeMma 4
o
N CHO Rh(PPh3)sCl
| _ MeCN | A
NN

KUn'atutu, 24 roa. N/ N

v 78% K&

3acyroBye Ha yBary ORHOPEAaKTOpPHA
MY/IBTYKATAITUYHA peaKiis enekTpoHonedi-
UUTHUX O0-X/IOPOBIHIIIIPUAVHIB 3 ecTepaMu
o-amiHoQenin6oporHoBux kucnor (Cxema 5),
sIKa MPU3BOAUTH IO YTBOpPeHH: mipupo|(3,2-b]
OensasemniniB [25]. Bona noennye B co6i npo-
necu Rh(I)-karanizoBaHOro apmiaoOBaHHA 3
nopanpmuM Pd(0)-xaramisoBanuM yTBOpeH-
HSIM 3B’5{3Ky C-N Ha cTapii nmKisanii.

Cxema 5
1
R\m [Rh(cod)Cl]
co >
NZNF  Pd-G1-RuPhos N
H XPhos, K,CO3 S
RZ o+ piokcan/H,0 (10:1) " I J N\
H’{l 110 °C, 16 rog. ']‘ iy
| N g 13-90% R2
—
Bpin

R'=CF3;, CN, Ms; R? = H, Me, Et, Pr, Bn, 4-MeCgH,CH,
4-MeOCgH4CH,; R® = H, Me, OMe, F, CI, CN, CF3, C(O)OMe

He menuI eheKTUBHOIO AJIsI CUHTESY Iipu-
1o[3,2-b]6en3aseniniB BUABMIACA TPUKOM-

https://ucj.org.ua

IIOHEHTHA [IOMIHO-peaKllid BIHIIMIpUAVHY 3
apuI6OPOHOBUMU KUC/IOTaMU 1 aMiHaMu B
YMOBaX 3aCTOCYBaHHS KaTa/JTiTMYHOI CUCTEMU
Rh (I)/Pd(0), mo 3abe3neuye nmopibHmMit Ko mo-
nepenHboi cxemu nepebir mpouecy (Cxema 6)
[26].

Cxema 6
L.
Pd
PN
FsC X cl R Cl RuPhos
| N [Rh(cod)OH],, XPhos,
A = H ' H . K,CO3
N niokcan/H,0 (10:1)
¥
—»
cl | N 110 °C, 22 rop.
e ~ o,
HO. _ 27-82 %
B
OH
N
| N
= N\
—_— F3C /__
| R?
R‘l

R1 = 2-FC6H4, 3-ACCBH4, 4-CNCGH4, 4—MngH4,
3,5-MeOCgH3, (CH,)3Ph, CH,CH=CH,,
3,4-MeOCgH3CH,, 2-meTuntiodeH, 3-meTunnipuanH

Kpamep i cmiBp. [27] po3pobumm Brucoko-
CEIEKTUBHUII MeTOJ, CMHTe3y mipupo(2,3-b]
OeH3a3emiHiB, IO MICTATh 4YeTBEPTUHHMUI
CTepeOoLeHTp, AKuit IpyHTyeThcs Ha Pd(dba),-
KaTa/1i30BAaHOMY BHYTPillIHbO-MOJIEKY/ISPHO-
My apM/IIOBAaHHI 3a NPUCYTHOCTI Xipa/JbHOTO
docdinoBoro niranma Ha ocuoBi TADDOL
(Cxema?).

Cxema 7
PhPh
o N
P NMe
o"
Pd(dba)

PivOH, Cs,CO4
Me3nTurneH

80 °C, 12 rog.

R/\E%‘

d(dba), = bic(anbeHanniaeraueToH) nanaain(0)

103




OPTAHIYHA XIMISt

CUHTETWUYHI NIAX0AM [0 MAPOBAHUX NIPUAO[HIASENIHIB TA IXHIX BEH3AHENIbOBAHUX AHANONIB

PapukanbHi uuknisauii

BHYTpilIHbOMONIEKYIAPHY peaKIiiio paju-
KaJIbHOTO JyipTopoMeTIapuioBantsa N-OeH-
3MTaMiHOIipUAVIAlle TUIEHIB Oy/I0o ycHimHO
BUKOPUCTAHO /I OTPUMaHHSA (TOPOBAHUX
nipupo[2,3-b]- i mipupo[3,2-b]6ensasemninis
(Cxema 8) [28]. ¥ npoMy mepeTBOpeHHI pa-
pukan CF H-, skuil reHepyeTbcs 3 rigpasuny
CF,HSO,NHNHBoc  ¢epporen-enekTpoxi-
MiYHUM OKVCHEHHAM, IPUENHYETbCA [0 alle-
TUJIEHOBOTO 3B’$3Ky 3 HOfjanbmuM (opmy-
BAaHHAM a3€IiHOBOTO Ki/IbLlA 3a PaXyHOK To-
MOJIITUYHOTO apOMATUYHOIO 3aMillleHHA.

Cxema 8
nocTinHMIM cTpym, 13 mA HF,C
= CpoFe \
CF,HSO,NHNHBoc O
N Et4NBF, Na,HPO,, MeOH @
/J§/\© 70 °C, 3 ropa. N
Me”™ ~0O 44-53 % Me’&o

X=N

Hwuska 3amimiennx purigponipumo(4,3-b]
asemiHOHiB Oyna cuHTe30BaHa iHiliitoBa-
Holo pmiaypwinepokcuzpom (DLP) pBocta-
OiHOIW peakli€l, L0 BKIIYaE MiKMOje-
Ky/IApHE pafiMKajbHe NIpuUefHaHHA O N-4-
[I€EHT€HOIaMiHOMIIpUIVHIB KCAaHTOIE€HATIB 3
NOJa/IbIIVIM AaHETIOBAHHAM a3€IiHOBOTO Afpa
Ha nipuayHoBUit UK (Cxema 9) [29].

Cxema 9

DLP, ACOEt 3 S-S
- R —

R'T KU'SITUATIA ¢ ZJ  OEt
AN 47-81% N

DLP, AcOEt KUN'aTuTn
¢ l 41-60%

R'= CI; R2 = CH,C(O)Me, R?
CH,C(0)CHZCOLEL, CH,C(0)CH,0Ph, (A
CH(CO,Et),; CH,CO,-tBu; U
CH,C(O)CH,CI, CH(OBr)CN R// N
(o)
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MeperpynysaHHs bekmaHna

Knacnyunit meton oTpumaHHS 6OeH3ase-
IiHiB IeperpynyBaHHAM bekmana oxcumis
TeTpaloHiB Oy/0 momypeHo i Ha ixHi mipu-
nuHoBi anamoru. Tax, CTiBeHCOH Ta cHiBp.
[30] po3pobunu BapiaHT cuHTe3y 6iomoriyHO
BOX/IMBUX 2-3aMilleHux 4-(tpudropmern-
n)-5,7,8,9-Terparigpo-6 H-nipuno|3,2-blase-
I1iH-6-O0HiB, 10 BK/II0YA€ POSMIMPEHHA LMKy
TO3WJIATiB OKCUMIB T€TParifpoXiHO/MiH-2-0HiB
nipg giero KOAc 3a TpuBanoro KuirsiTiHHS B
BOJJHO-eTaHO/NbHOMY cepemoBui (Cxema 10).
OpHak Helo/MiKOM METOZY € yTBOPEHHA iMifa-
TiB BHAC/I/JOK TO614YHOI B3aEMOJIii IIPOMIKHO-
IO HITPpMUJIIEBOTO KaTiOHA 3 €TAHOJIOM.

Cxema 10
OTs
CF3 N
A
P
R7ON
KOAc 8
EtOH - H,0| A 1-8 Atie
R I N\ R N\
Z + | N —
N N
crRs 1O CF,  OEt
49-65% 11-24%
LiuknoauuntoBanus

3a ®pigenem - Kpadtcom

[TpuBabaMBUI LUIAX KO CUHTE3Y IOXiJHUX
nipnno(2,3-b]6ensasenin-5-ony 6yno pospo-
671eHO Ha OCHOBI peaxIiii BHY TPillIHbOMOJIEKY-
JIAPHOTO LIMK/IOALIIOBaHHA 3a Dpimenem -
Kpadrcom N-nmipmamnsamimenux opmo-ami-
HOapM/INponaHoBux kucnot mip piero AlCL,
PO, abo momidocdopnoi kucnorn (IIPK)
(Cxema 11) [31].
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Cxema 11
AICl3, CH,Cl,, 7roa., kun'atuTn o
COOH  a60 P,0s, TonyeH, 8roa., rt
N ~Ts a6o MoK, 2roa., 220 °C S
: \ Z

82-92% NTON

N/
<

BMICHOBKI.

AHazi3 JiTepaTypHUX [aHUX 3aCBif4uB,
0 cepel MeTOAiB cuHTe3y mipupo[blasermi-
HOBMX CUCTEM IIPIOPUTETHUMM € MiXOAU AKi
BKJIIOYAIOTh (POPMYBAHHSA aHETbOBAHOTO a3e-
IIIHOBOI'O LIMKIIY 3a PaXyHOK MIDKMOJIEKY/AP-
Horo yTBopeHH: 3B’13KiB C-N i C-C. Baxxnusa
POJIb B TAKMX NPOLIeCaX HANIEXNUTh METAIOKa-
TAJIITUYHNM peakliiam, mo 3abesneuye ix Bu-
COKY peTiOCeNeKTUBHICTh. MeHI mnommpeHi
pajuKanbHi IEPETBOPEHHA, II€PETPYIIyBaHHA
bekmana Ta BHYTpiIHbOMOJEKY/ISAPHE aLM-
nroBaHH:A 3a Opinenem-Kpadrcom.

CUHTETUYECKWE NOAX0AbI K TAPUPO-

BAHHbIM NMUPUAOLLIASENMUHAM U NX
BEH3AHHENTUPOBAHHbIM AHAJIOIAM

N.1O. lanunrwx*, M.B. Bosx

Mucmumym opeanuueckoti xumuu HAH Yx-
paunvl, yn. Mypmanckas, 5, Kues, 02094,
Yxpauna

‘e-mail: ivannayu@ukr.net

B Mukpoo63ope 0600111eHbI TUTEpaTypPHbIE
VICTOYHMKM IIO METOaM CUHTe3a (PYHKIINO-
HaJIbHBIX ¥ OeH3aHHE/MMPOBAHHBIX IIPOU3BO-
JHBIX TUJPUPOBAHHBIX NMpuUAO[blasennHos

https://ucj.org.ua

3a mociegHue 10 jeT, KOTOpble Kaaccudu-
LMPOBaHbl Ha 4 OCHOBHbIE TPYIIIbL: IPOLEC-
Cbl KaTa/JIMTUYECKOrO IVIKIO0Opa3oBaHuA,
pajyKajnbHble pPeaKUuM, IeperpynnyupoBKa
bekmana m nmxnoanmwmmposanne no Ppu-
memto — Kpadrcy.

KnioueBbie cnoBa: mupupo[blasenuusr,
KaTaJIMTUYecKoe LMKI000pa3oBaHue, pajn-
KaJIbHE peaKIluy, IIeperpynnuposKa bexmana,
LUK/IOALIV/IMPOBaHMeE.

SYNTHETIC APPROACHES TO HYDROGENIZED

PYRIDYLIb]JAZEPINE AND THEIR BENZENELY-
LATED ANALOGUES

L. Yu Danyliuk’, M. V. Vovk

Institute of Organic Chemistry of National
Academy of Sciences of Ukraine, 5 Murmanska
St., Kyiv 02094, Ukraine

‘e-mail: ivannayu@ukr.net

Pyrido[b]azepines are represented in the
literature by four types of isomeric structures:
pyrido[3,2-b] azepines, pyrido[2,3-b]azepines,
pyrido[3,4-b] azepines and pyrido[4,3-b ]aze-
pines. They belong to the structural analogues
of 1-benzazepine - an attractive class of het-
erocycles with a strong pharmacological pro-
file. They are also used as important molecu-
lar platforms in the construction of bioactive
compounds.

Analysis of the literature has shown that
compounds that contain the pyrido[b]azepine
fragment demonstrate antiviral, antimicro-
bial, and antitumor activity. They are known
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as effective inhibitors of R1P1 kinase, ubiqui-
tin-specific proteases (USPS), cyclin-depend-
ent kinase (CDKS), and glycogen synthase
kinase 3 (GSK-3), TRPMS protein, and angio-
tensin II type 2 (AT2) receptors.

Over the last decade, promising pharma-
cological properties of pyrido[b]azepine de-
rivatives stimulated the development of fun-
damentally new methods of their synthesis as
well as the improvement of known synthetic
approaches.

In general, among the various methods
for the synthesis of hydrogenated pyrido[b]
azepines and their benzanelated analogues,
priority is currently given to approaches that
include the formation of an azepine cycle via
the intermolecular formation of C-N and C-C
bonds. These mainly include catalytic cycli-
zations using cobalt, palladium, and rhodium
compounds. Reactions of intramolecular radi-
cal difluoromethylarylation and diauryl perox-
ide-initiated radical azepine analelenization of
the pyridine fragment are also of great impor-
tance. An interesting method for the synthesis
of pyrido [2,3-b] azepin-5-one derivatives was
developed on the basis of the Friedel-Crafts in-
tramolecular cycloalkylations reaction.

Key words: pyrido[b]azepines, catalytic

cyclization, radical reactions, Beckmann rear-
rangement, cycloalkylations.
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BMJINB YMOB CUHTE3Y OKCULIB KOBAJIbTY TA MAHTAHY
HA IXHHO 3[ATHICTb 10 KATAJIITUYHOIO PO3KJIAZLY

MEPOKCUAY BOAHKD
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3071b-Te/Ib METOROM i3 BUKOPUCTAHHAM Pi3HUX OCapKyBadiB (posunH amiaky ta TMTA) oTpuma-
HO OKCHZIM KOOAJIbTy Ta MaHTaHy Ta iXHi ckragHooKcuaHi komnosuyii. Ha CEM-306pakeHHi Bucy-
meHux 3a 100 °C 3paskiB, ocajiKeHUX 3a JOIMOMOIOI0 pO3YMHY aMiaKy, CIOCTepiraloThb aroMeparlito
IUIOCKVIX YaCTOK TiTPaTOBaHMX OKCUJIiB KOOaIbTy Ta/abo MaHTaHy I100yapHoi popmu. Iyst 3paskis,
ocamxkenux y posunHi 'MTA, CEM-300pakeHHS IIpefiCTaBIeHO aI/IOMepalli€lo YacTOK y BUIIAAL
ITomVHHMX 1apiB. [IpoxkaproBanusa 3a 400 °C yacTKoOBO pyitHye cTpyKTypy. Metogom PDA BcTa-
HOBJIEHO, IO AK 1 iHAMBifyaNbHi, TaK i CyMiCHO OcajpKeHi IiIpOKCOCIIONYKY IiC/IA MPOXKaplOBaHH A
3a 400 °C yrBoprooTh okcuni dpasu cknapy Co,O, Ta Mn,O,. KineTnuni gocnipkeHHs poskmay me-
POKCUlY BOGHIO 32 Y4aCTIO OTPMMAHMX 3pasKiB BKa3yIOTh Ha MEPIINI MOPANOK peakuii. Halikpamry
3JATHICTD [0 KaTali3y IOKa3a/ay 3pasKy Ti[pOKCUy KOOAIbTY Ta CyMiCHO OCaJIKEHNX TiffpOKCOCIO-
JIyK K0OaJIbTy i MaHraHy, CMHTe30BaHi y po3unni TMTA.

Kimro4uoBi cmoBa: 30/1b-resib CMHTE3, OKCUAU KOOAIbTY Ta MaHTaHY, IEPOKCHJ, BOJHIO, KaTaliTIy-
HUI pO3K/Iaf,.

BCTYII. HeratuBHMM HaCIiIKOM CTpPiM- [>K€HH:, CIPAMOBAHI Ha CTBOPEHHS CIOMYK,

KOTO PO3BUTKY CY4YaCHOTO HayKOBO-TE€XHi4-
HOTO KOMIUIEKCY € 30i/lbIieHHsT 00CsTiB BU-
KUMB IWKIIJIMBUX MPORYKTIB Y HAaBKOJIMILHE
cepeloBuIIle, SKi 3aBAIOTh CYTTEBUX 30MUTKIB
moBKimmo. [Ina ixHpol HelTpanisamii y mpo-
MMCTIOBOCTI BMKOPUCTOBYIOTb KaTajli3aToOpu
«TOOKVICHEHH» IIKIJIMBUX Ira30BUX BUKIUJIB
Ha OCHOBI €/IeMEeHTIB IVIATMHOBOI I'PyIN, sAKi
MaIOTh BMCOKY BapTiCTb, 1O CTUMYJIIE II0-
HIyK a7bT€PHATMBHUX pedoBMH. Tomy mocrmi-

CIIPOMOYKHUX 3aMIHUTH KaTani3aTopy Ha OC-
HOBI €/IEMEHTIB IUIATMHOBOI I'PyIy Ta CIIPU-
ATU IMEPETBOPEHHIO WIKI/IMBUX BUKUJIB Ha
L[iHHI HETOKCUYHI PEYOBMHM, € AKTyaJIbHUM
3aBJIaHHAM, He JIMIIEe HAYKOBUM, a Ji IPUK/IaZ-
Hum [1-2].

Bigomo, 1m0 B mponecax CUHTE3y aMiaky,
a30THOI KMCIOTVI Taa30 THUX OOPUB, PO3KIaTy
niepokcupy BopHiw, okucHenns CO, NO, N, O,
SOZ, HZS TOILO, A/IBTEPHATUBY IIATMHOBMM
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KaTajizaTopaM MOXXYTb CKIaCTU CYyMillli OKCH-
IiB MeTaiB (pepymy, Hikemto, KOOAIBTY, MaH-
raHy, Liepito, IMPKOHiIo Ta iH.) [3-7].

KaTtaniTnaanii poskiaz IepoKCUIy BOSHIO
3 METOI0 OTPMMAHHSA ATOMAPHOTO KVCHIO IIN-
POKO BUKOPMCTOBYIOTb B OpPraHiYHOMY CMH-
te3i [8-10]. Indopmanis mpo karamisaTopm
Ta 3aKOHOMIPHOCTI IIbOTO ITPOILIeCy HeoOXigHa
IJIA ONTMMi3aliil yMOB OKMCHEHHA PaKeTHOTO
[a/IMBA, 3HE3APAKEHHA CTIYHUX BOJ, BiJXO-
#iB ximivHoro BupoOHmuTBa [11-13]. Tob6py
KaTa/liTUYHY aKTUBHICTb y peaklil po3Kaaay
IepPOKCUY BOJHIO IIPOAB/IAIOTb OKCUY MaH-
raHy, Ko0anbTy, 3ajisa, Hikeso, Iepito, Iup-
KOHiIo Ta iH. [13-16]. OpgHak, He3BaXKal4ly Ha
3HAYHY Ki/IbKiCTb HAsIBHOTO €KCIIEPYIMEHTA/Ib-
HOTO MaTepiay, OFHO3HAYHO HE BCTAaHOBJIEHO
B3a€MO3B SI30K MDK yMOBaMM CMHTe3y, MOP-
¢dornorier karamizaTopa (30Kpema, OKCUITHUX
KOMITO3UIIi/i KOOa/bTy Ta MaHTaHy) Ta JIOTO
KaTATITUIHUMH BIACTUBOCTSIMI.

Y npomy noBiIOM/IEHH] HAaBEJEHO PE3YIIb-
TaTU AOCTIJPKeHHA BIUIMBY YMOB CUHTE€3y Ha
Mopdoriorilo Ta KaTaJiTM4YHY aKTUBHICTb
OKCHJIIB i OKCHTHMX KOMIIO3MIIiil KOOAIbTy Ta
MaHTaHYy Yy pO3K/Ia/ii IEPOKCULY BOJHIO.

EKCITEPMMEHTAJIbHA  YACTUMHA.
Jns cuHTEe3y okcupiB KOoOanbTy Ta MaHra-
HY BUKOPVICTOBYBAIM HITpaTyM KOOAIbTy
(Co(NO,),-6H,0) Ta manrany (Mn(NO,),.
SHZO) kBamidikamii ,X. 4., reKkcameTuieH-
terpamin (TMTA) (4. 1. a.), BOZHUIT PO34YUH
(25%) amiaky (4. g. a.). CuHTe3 iHAMBiTYyaNMD-
HUX Ta CYMICHO OCaJ)KE€HMUX Ti[pOKCOCIIONYK
37iICHIOBAJIN 3 PO3PaxOBaHMX 00’ €EMiB po3un-
HiB BUXiJHUX COjiell MeTOJOM OCaJ>KeHHs 3a
pornomororo 'MTA (0,5 M) abo BogHOrO po3-
4yyHy amiaxy (1:10) 3a mocTiitHoro mepeminry-
BaHHA. OcapkeHHA TiIpOKCUTIB Ko6aany Ta
MaHTaHy 37iJICHIOBa/I 3a TAKOI0 CXEMOIO:
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Co** + 2NH,0H — Co(OH), | + 2NH,+ (1)
Mn?** + 2NH,OH — Mn(OH), | + 2NH,. (2).

3a IpUCYTHOCTi PO3YMHEHOIO y BOJi KIC-
HIO TiIPOKCUIY NBOBA/IEHTHUX €/IEMEHTIB I10-
CTYIOBO OKMCHIOIOTbCS:

4Co(OH), + 2H,0 + O, —4Co(OH),

2Mn(OH), + 2H,0 + O, — 2Mn(OH),
—_[17—) ZMHOZX.XHZO.

(3)

(4)

linpoxcun manrany Mn(OH), He criiiknii i
BTpayva€ YaCTMHY BOJM, YTBOPIOKOYM TiipaTo-
Baumit okcuy manrany MnO xxH, O.

OcamxenHs 3a gonomorow 'MTA nposo-
mvm 3a Temneparypu 80-90 °C, a mpu Bu-
KOPUCTAHHI PO3YMHY aMiaKy — 3a KiMHaTHOI
temneparypu. Otrpumani ocagu Bindinprpo-
BYBa/Ii, IPOMUBA/IN AUCTUIHOBAHOK BOJOI0
JI0 HeliTpabHOI peakiii mpobu Ta BUCyIIyBa-
mm 3a 100 °C.

CuHTes3 cymimreit okcupiB KobambTy Ta
MaHIaHy 3[iMICHIOBa/AM IIPY CIIBBIJHOLIEHH]I
[Co]:[Mn] y BuxipHiit peakuiliuin cyminii, mo
nopiBHIOBano 1:1. BmicT kob6anbry Ta MaHra-
HY, 1[0 He IepeitioBs B ocaf (y ¢inbrpari), Bu-
3Hava/M aTOMHO-a0COPOLiIHMM METO[[OM Ha
criekTpodoromerpi SP9 dipmu «Pye Unicam»
(Benmmka bpuranis). 3a pesynbraTaMim aHamisy
BU3HAYa/IM BMICT KOXKHOTO 3 OKCUZIIB y CUHTe-
30BaHUX CyMillIax.

Posuun yporponiny npu HarpiBaHHi rigpo-
Ni3y€e 3a HACTYIHOIO peaKIi€o:

CH N, +10H O %%0¢ ,
6HCOH + 4NH,OH.

Y pesynbraTi yTBOpHOIOTBCA (oOpMabie-
rig Ta rigpoxcuy amoHiro. OcTaHHIN ocafxye
Ti[pOKCHAM KOOAIbTy Ta MAaHTAHY 3a PeaKIisi-
Mu 1-4. Y pesynbraTi BUKOHAHUX JOCTIKEHD
BCTAaHOBJIEHO, 110 HarpiBaHHA fo0 80+90 °C
3abesnedye OilbII BUCOKI Ta cTabinbHi y vaci
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3HaueHHs pH (puc. 1), ToMy ocafi>KeHHS Tifi-
pokcuzais 3a gonomorow I'MTA 3pijicHIOBamu
B 3a3HAYE€HOMY TeMIIepaTypPHOMY iHTepBaJIi.

9,00

° -]
._/\_.—.— 2
[ )
8,75
um 1
Q 4
8,00
7,75 2
7,50 -
1 2 3 4 5
T, TOJI

Puc. 1. 3mina pH 0,5 M posunny I'MTA Bix
Jacy 3a Temmeparyp: 1-55 °C; 2-92 °C.

OTxe, ocaJiKeHHA 32 [JOIIOMOT0I0 PO34YMHY
I'MTA Bin6yBaeTbcs TaKOX 3a y4acTi amiaxy,
aj7ie 3HAYHO IIOBUIbHilIe, HDK IPpU BUKOPYC-
TanHi BuHATKOBO NH OH.

PentrenodasoBuil aHajmi3 CUHTE30BaHUX
3pasKiB OKCUIHMX KOMIIO3MIIi/l BUKOHYBa/IM Ha
mudpaxromerpi «[[POH-3M» i3 CuK -Bumpo-
MiHIOBaHHAM METOIOM IIOPOLIKY, ineHTnika-
1ifo (a3 IpOBOAMIN 32 JOIIOMOTOK0 IIPOTPaMI
Match [17]. Po3paxyHok mapameTpiB Kpucra-
JIYHMX IPATOK BUKOHYBa/IN 3 BUKOPMCTaHHAM
6asn panux Crystallography Open Database
st okcupy kobansty (COD ID 9005887), mist
okcupy manrany (COD ID 1514120) [18].

Mopdornoriuni ocobmmBocTi CUHTe30Ba-
HUX 3pasKiB JOCHIIPKYBanM MeTOJAMM CKa-
HyI0UuOi eneKTpoHHOI Mikpockomii (CEM) Ha
pactpoBomy Mikpockomni «JEOL JSM-35».

IToBepxHeBi XapaKTepUCTUKM TiJPOKCO- Ta
OKCOCIIONYK BM3Hayalay METO[JOM HU3bKO-
TeMIlepaTypHOI copO1iii — mecopOuii a30Ty Ha
npunagi «Autosorb-6B».

https://ucj.org.ua

3[IaTHICTb CMHTe30BaHMUX 3pa3KiB 10 KaTa-
N3y OLjiHIOBA/IYM Ha peakljii pO3K/Iafy BOJHO-
ro pO3uYNMHY IIepOKCHUAy BopHIO (35 mac. %).
HaBaxky 3paska (50 mr) impuBimyanbpHOTO
OKCUJY Y/ CMHT€30BaHOI OKCUJJHOI KOMIIO3M-
il (BucylmeHnx abo mpoXkapeHnx) HepeHoCr-
TNy CKIAHKY, fofgaBanyu 50 M1 JUCTUIbOBA-
HOI BOZIM Ta IOPIi0 NepoKcuay BopHmo (5,0-
25,0 M1 3a/I©KHO Bifi IIBUKOCTI PO3KIAfAy).
ExcniepumenT nmpoBOaMIN yrpopoBXx 14 mHiB
3a kimHaTHOI Temneparypu (20 °C). IToBHOTY
PO3KIazy IEpPOKCUY BOAHIO KOHTPOIOBAIN
3a MeToAMKOIO [19] mpu gii Ha nopuio posun-
Hy, fie BinbysaBca posknan H,O,, posumHom
fiomy 3 KpoxmaseM Ta posumHoM comi Ti*'.
[Toxnbxa BM3HAUYEHHS He IepeBMINyBana *3
BifmH. %.

KineTuky posknajly HepoKCuly BOJIHIO
B IPUCYTHOCTI CMHTE30BAaHMX OKCUAIB abo
KOMITO3ULIIM [JOCHIIPKYBanu 3a HACTYIIHOIO
MeToauKow. HaBaxxky 3paska Macoro 20 mr
IIOMIIlIa/IM B PEAKTOp i3 Ta30BifABOAOM i3 IIO-
IepeJHbO IMifATOTOBJIEHVM PO3YMHOM Ile-
pokcuay BopHIo 06’emoM 400 mi (criBBifHO-
menns H O :H O= 1:10). O6’em rasy (O,), mo
BUAIIABCA BHACTIOK peakiil po3kiany, Bik-
CyBa/mu ynpopmoBx 6-7 ropuH. TemmepaTypy
B PEAKILiVHI CyMillli MiZTPUMYBA/INA B MEXaxX
20+1 °C.

OBI'OBOPEHHA PE3YJIBTATIB. Cunres
3pasKiB /I KaTAIITUYHNUX JOCIIIPKEHb MOX-
Ha OICATY 3a JOIIOMOTOI HACTYITHNUX CXEM:

CO(NO3)2 Ammonia, HMTA N CO(OH)2

L UUCREN C0304 EUUCEEN C0304;

(5)

Mn(NO3) Ammonia, HMTA N MHOZX

xH,0 —— Mn,0,—* Mn 0,. (6)

2
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Ile migTBepmxyeTbCcs pesynbraramyu POA
OTPUMAHUX 3pa3KiB, 3TiIHO AKMUX He3a/IeKHO
Bifl IpMpoay ocafpKyBada (amiak a60 rekcaMe-
TUWITETPaMiH) micis TepMmoo6pobku 3a 400 °C
orpumani dasu igentudikyrors ax Co,0, Ta
Mn O, (puc. 2). Oxcup kobanbry Co,O, yTBO-
PIOETbCA BHACMILOK YaCTKOBOTO OKMCHEHHS
CoO (sikmit yTBOPUBCS TiJi 9aC 3HEBOJHEHHS
Co(OH),) no Co,0, 3 HacTymHOIO cTabinisa-
niero ¢asu cxragy Co,0,. Leit oxkcup micns
TepM0o0o6Opo6ku 3a 400 °C (5) KpucTamisyeTbes
B KyOi4Hiil CMHTOHII 3 TapaMeTpOM KpMCTaIiy-
Hoi rpatku a = 8,11 A, V = 533,4 A% npocro-
posa rpyma: Fd3m (227). Voro npoxapioBaH-
Hs 3a 700 °C (5) npu3BOAUTD [JO 3MEHIIEHHS
IapaMeTpiB KPUCTAJIIYHOI IpaTKu: a = 8,08 A,
V = 527,5 A3 3wmimanuit okcum MaHTaHy
Mn,O, yTBOPHOETbCA MiJ] YaC MPOKAPIOBAHHS
3a 400 °C rigpaToBaHOTO AiOKCHUJY MaHIaHY
(6), AKMIT 9aCTKOBO BTpavae KuceHsb [20]. Pos-
paxoBaHi KpUCTaiYHi XapaKTePUCTUKU [JIA
1iei cromyku 6ymu HacTymHUMI: @ = 5,76 A,
c =947 A, V =314,2 A’, npoctoposa rpyma:
[41/amd (141). IIpu nopganpmoMy npoxxapro-
BaHHi 3a 700° C 3Mimmanoro okcuay Ha and-
pakTorpaMi BifCyTHi peduiekcu, Lo Bipmo-
Bimatoth Mn,O,, mpote dikcyors pedrexcu,
XapakTepHi yia okcuny manrany Mn, O, (6).

ITpu cymicHOMY OCa/pPKEHHI i HaCTYIIHOMY
IIPOXKapIOBaHHI TiIPOKCOCHONYK KOOAIbTy
Ta MaHTaHy pedyiekcyu Ha Amdpakrorpamax
CBifyaTh NpPO YTBOPEHHA CyMiun iHAMBIHY-
anbuux ¢das: Co,0, ra Mn,O, (puc. 2, kpusa
4). Kpucranorpadiuui xapaKTepucTuKm CUH-
TesoBanux (das raki: [Co,0,] - a = 8,08 A,
V'=527,5A% [Mn,0,] -a=5734,c=9,58 A,
V =314,5 A%, TIpu cymicHOMY ocajikeHHi i Ha-
CTYIHIN TepMoo6pobui 3a 400 °C oxcup Ko-
0a/lbTy y CMHTe30BaHiil cymimni Mae Kpucra-
JYHY IPaTKy 3 HapaMeTpaMy TAKMMIU K CAMI-
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MM, IO ¥ IHAVBIyaTbHO CMHTE30BaHUI 3pa-
30k Co,0,, oTpuManmii micas TepMoo6poOKu
3a 700° C (5). O6’eM eneMeHTapHOI KOMipKu
OKCHJly MaHTaHy, KMl OTPUMYBaIU CyMic-
HUM OCA/KE€HHAM, NMPAKTUYHO HE 3MiHIOETh-
Cs, IPOTe 3MEHIIYIOTbCA IMapaMeTpy KpUCTa-
JYHOI IpaTKu a i b Ta 3pocTae mapamerp c.

A *

Inaon

b

60 80
20 40 o pax

Puc. 2. Tunosi gudpakrorpamMm CMHTE30BaHUX
3pasKiB OKCcUHUX (a3 3a pi3HUX pPeKUMIB TepMO-
06pobxu: 1 - Co,0, (400 °C); 2 - Co,0, (700 °C);
3 - Mn,0, (400 °C); 4 - Co,0, Ta Mn,0, (400 °C).
* - ¢asa Co,0; A — dasa Mn,O,.

3a pesynpratamu [JTA rigpoxcocnonyku
K06anbTy Ta/ab0 MaHTaHY MOYNMHAIOTH BTpa-
vaty Bopy 3a 80 °C [21]. Brparu macu 3paskis
AK IHAMBIYaNTbHUX TiAPOKCOCIONYK KOOAIb-
Ty Ta MaHTaHY, TaK 1 CyMiCHO OCaJ)KeHUX IIic-
7151 TepMoo6po6kum 3a 400 Ta 700 °C, HaBefeHO
B Tabmuni 1. I3 HaBegeHUX JAHMX BUIHO, 11O
He3a/IeKHO Bifl IpUpoAM ocajKyBada Oinbiri
BTPaTy Macy IpU TepMooOpoOILi XapaKTepHi
JUIA TifIPOKCOCIIONYK KOOAJIbTY, IPUYOMY BU-
KOPUCTaHHA fAK OCajKyBada IeKCaMeTMUJIEH-
TeTpaMiHy clipuse 30inbIeHH!0 BTpar (o 82—
83% Bif 3arajbHOI Macu BTpaT) Ha IEPIIOMY
etani Tepmoo6bpobku (400 °C). ITpu Bukopuc-
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TaHHI AK OCa/pKyBaya PO3YMHY aMiaKy BTpaTu
Macyu Ipu TepMooOpobIIi 3a BUCOKMX TeMIe-
paryp (700 °C) Bumi (zo 16 %). [izpoxcocmo-
JIyKM MaHTaHy, Ha BiIMiHy Bij Ko6anbTBMic-

Tabnuns 1

HUX 3pasKiB, Ipu TepMoobpobi sik 3a 400 °C,
Tak i 3a 700 °C BTpavaioTh NPUOIN3HO OFHA-
KOBY y IIPOLIEHTHOMY BiIHOIIEHHI Ki/IbKIiCTb
MacH Bifl 3aTrajIbHOI.

Brparu macu 3paskiB nmpu TepmiuHiit 00pooO11i 3a7e)XHO Bif Ipupoau ocampKyBadya

I'ippoxcocnomyku OcamxyBau Brpara wac, mac.%s
400 °C 700 °C
Co(OH), NH,OH 11,00 2,05
Co(OH), IMTA 22,22 1,80
MnO,xxH,0 NH,OH 3,04 2,90
MnO, xxH,0 I'MTA 5,37 5,13
Cymimr* NH,OH 20,50 3,06
Cywmimr* IMTA 26,00 8,43

* — CYyMiCHO OCaJKeHi rifIpOKCOCIIONYKM KOOA/IbTY Ta MaHTaHy

BigmideHo, 1110 pu CyMiCHOMY OcCaJKeHHi
TifIPOKCOCIIONYK KOOa/IbTy Ta MaHraHy, He-
3Ba)Kal04l Ha CHiBBIITHOIIEHHS KOMIIOHEHTIB
y BuxifgHilt peaxuinsiit cymimi [Co]:[Mn] =
1:1, cmiBBigHOIIIEHHS MiXX HMMM B OcCafax,
OTPUMAHMX TIC/IA TEPMOOOPOOKY, € Pi3HUM.
Tax, AKII0 Npy BUKOPUCTaHHI AK OcaKyBayda
PO34YMHY IiIPOKCUIY aMiaKy CIiBBiIHOIIEHHS
[Co]:[Mn] y 3paskax 61mu3bKe O BUXifHOTO i
cknagae 1,03:1, to npu Bukopucranni I'MTA
BOHO ckjagae 1,35:1.

3[1aTHICTb CUMHTe30BaHMUX 3pasKiB iHAMBI-
AyaJlbHUX OKCHUJIB Ta IXHIX KOMIIO3UIIN [0

Tabnuig 2

KaTaslisy JOCHiKyBany Ha peaklii posKiany
HepoKCUly BOAHIO. Pesynmpratm pmocrifikeHb
HaBeleHo B Tabnui 2. 3MaTHICTh CMHTE30Ba-
HIUX OKCUJIB PO3K/IaJlaT¥ IEPOKCH], BOIHIO
yIpomoBX TpuBajoro 4acy (14 ni6) BmsHa-
ganu 3a o6’emom V(H,O,) nepokcusy BopHIio
(mM?), KUl MOXXe po3KmacTu 1 T 3paska 3a
20 °C. In4 nopiBHAHHA TYT )K€ HaBEEHO pe-
3y/IbTaTV KaTaJiTMYHOIO PO3K/IaJy IEPOKCH-
[y BOJOHIO CyMilllaMM OKCUJIB KOOambTy Ta
MaHTaHy, OTPMMaHUMH IJIAXOM MeXaHIYHOTO
smimyBanHA ([Col:[Mn] = 1:1).

IlopiBHAHHA XapaKTEePUCTHUK 3JATHOCTI 3pa3KiB g0 PO3K/Iafy NIePOKCH/Y BOFHIO

No Buxinni Tepmoobpoobka, | Cxiam 3pa3KiB Micis 3naricth 3pasKis
3pa3ka | TiTPOKCOCITOIYKH Ocamiysad °C TepMOOOPOOKH VHI?IKSTafo ;
(H,0,)%, v
1 CoO-xH,0 NH, 100 CoOx1,65H,0 1,00
2 CoO-xH,0 NH, 400 Co,0, 0,64
3 CoO-xH,0 I'MTA 100 Co0Ox3,82H,0 2,80
4 CoO-xH,0 I'MTA 400 Co,0, 1,20
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[TponopsxeHHs Tabmmii 2

Ne Buxinni TepmooOpooOka, | Ckna 3pa3KiB micis 3narwicTs 3PasKiB
3pa3ka | TiIPOKCOCIIOIYKH Ocamrysas °C TepMOOOPOOKH Vﬂ%KSTafo ;
(H,0,))*, im
5 MnO, -yH,O NH, 100 MnO, x0,40H,0 0,60
6 MnO, -yH,O NH, 400 Mn.O, 0,50
7 MnO,-yH,O I'MTA 100 MnO,x0,72H,0 1,08
8 MnO,-yH,O I'MTA 400 Mn,O, 0,90
I'impoxcocnomyxu CoO-xH,O -
? Co:Mn=1:1 (c.0.) NH, 100 MnO, -yﬁzo 160
I'ippoxcocnomyku Co.0,-
10 Co:Mn=1:1 (c.0.) NH, 400 Mrid‘4 1,24
INapokcocnonyku CoO-xH,O -
1 Co:Mn=1:1 (c.0.) TMTA 100 MnO, ~yf120 2,40
12 luwpokcocnonyki 400 C0,0,- Mn,0, 2,40

Co:Mn=1:1 (c.0.)

" > " . . . .
- o6’em H,O, saxuit posknases sa 14 f1i0 y nepepaxyHKy Ha 1 T KaTasisaTopa, C. 0. — CyMiCHO oca/pKeHi

TiIPOKCOCIIONYKI.

AHanis oTpMMaHUX pe3y/IbTaTiB IIOKa3as,
110 HaMKpally 3JaTHICTb O pO3KIagy Iie-
POKCUJY BOJHIO IPOABIAKTD iHAMBIZYyanbHi
OKCHJIM Ta iXHi CyMillli, CMUHTE30BaHi 3a 10110-
moroto 'MTA.

Bigmivyeno, mo npu 3MillyBaHHiI OKCHUiB
KOOA/IbTy Ta MaHTaHy y JesAKNMX BUITQJKax
NpOABIAETbCA edeKT cuHeprisamy. Hampu-
Kaaj, 1 T rifpokcocnonyky Ko6anbTy micis
TepM0o0Opo6ky 3a 100 °C posknagas 1 gm’,
BiIOBiZHO, 1 T TiAPOKCOCIONYKM MaHIa-
Hy - 0,5 1M’ IepoKcUy BOAHIO, a 1 T CyMicHO
0Ca/DKEHNX PO3YMHOM aMiaKy TiZfpOKCOCIIO-
JIyK KOOQ/IbTy Ta MaHTAaHy PO3K/IaaB 3a TUX
caMmx ymoB 1,6 oM’ mepokcupy BopHio. Lleit
eeKT He CIOCTepira€Tbcs, SKIIO IIPU CUH-
Te3i BukopuctopyBatu posumH I'MTA. He-
3Ba)Kalo4y Ha Iie, HaMKpally 3[JaTHICTb [0
KaTaJiTUYHOTO PO3KIALy IEePOKCUIY BOJHIO
NPOSABIAITD CaMe CIIONYKM, CMHTE30BaHi 3a
nonomoroo I'MTA. IlopiBHAHO 3i crionyka-
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MM, CUHTE30BAHMMM 32 JOIIOMOIOI0 PO3YMHY
aMiaky, BOHU OinblI TpmBajauii 4ac 3bepira-
I0Th CBOIO aKTUBHICTb.

KineTnyHi [JOCTiI>KeHHA 3 PO3KIafy Ie-
POKCUJY BOJHIO CUHTE30BAaHMMI 3Pa3KaMMu
HaBeleHO Ha pUCYHKax 3-4. AHani3 oTpu-
MaHUX pe3y/lbTaTiB II0Ka3aB, L0 KiHETUKa
PO3K/Iafy NMEPOKCHUY BOJHIO B IPUCYTHOCTI
CMHTEe30BaHMX OKCUAHMX (a3 3amoBilIbHO
allpOKCUMYETbCA  KIHETUYHUM PiBHAHHAM
IIEPILOTO MOPALKY:

In(V,-V,)=InV,-Kr,

fie V, — 06’eM KUCHIO, [0 TEOPETUYIHO MOXKe
BUJIIZIMTUCA i3 3aBaHTa)XXEHOI JI PO3KIamy
KiZTbKOCTi TIlepoKCcuyy BofiHIo, V_— 06’eM Kuc-
HIO, 1110 BUJ/INBCA B MOMEHT 4acy T.

Pesynbrary, 110 XapakTepusyoTh KiHETUKY
PO3KIaZy IEPOKCUTY BOJHIO CyMillIaMy OKCH-
IiB MeTajiB, CMHTE30BaHMMMU 3a PI3HUX YMO-
Ba, HABEJJEHO Ha PUCYHKY 4.
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HaiiBuimy KOHCTaHTy HIBMAKOCTI MaroOThb
3pasKy, fAKi MICTATH TiJPOKCOCIONYKM KO-
6anpry (Ne 1, 3, 9, 11), He3anexHO Bif mpu-
poaM ocajpKyBaya, 3a JOIIOMOIOI0 fAKOTO IX
orpumano (tabm. 3). Tepmoobpobka 1ux
3paskiB 3a 400 °C (Ne 2, 4, 10) nmpusBOAuUTbH
[0 3MEHIIEeHHS KOHCTAHTU IIBUJKOCTI pe-
aKIil i, BIAMIOBIZHO, 3[JaTHICTb 1O PO3KIany

: : : : . IEPOKCUY BOJHIO IPOXXKapeHUX OKCUIHUX

0 100 2001, x3300 400500 3paskiB ko6anbpTy 3HIDKYeTbcs. KoHcTaH-
a) TU IIBUIKOCTI peakiii po3KlIafly IepOoKCH-

Ny BOOHIO B IIPUCYTHOCTI iHAMBiyaJbHUX

>
oo

——_— cionyk MaHrany (Ne 1, 3) meHmm, HDK as
34 CIIONYK, 10 MicTATh KobanpT. [Tpy mpoxa-
proBaHHi Iux 3paskiB (Ne 2, 4) BigOyBaeTbcs
> 8471 ITOfIa/IbIlle 3HVDKEHHS KOHCTAHTH IIBUIKOCTI
> eaKIiii.
E 8,40 peakt
Tabmmus 3
8331 KoHcTanTn mBuakocTi poskmagy
0 100 200 300 400 MEePOKCUAY BOJTHIO CHHTE30BaHIMHU
e 3pasKaMM OKCH[iB KOOAIbTy, MAHTaHY
. 0) Ta IXHiMM cymimamm
Puc 3. KiHeTuka poskiafy IepoKCUAY BOSHIO
CUHTEe30BaHUMM CIIOTyKaMu KobanbTy (a, 3pasku Koncranra Koncranta
NeNe: 1-4) Ta maHrany (6, 3pasku NeNe: 5-8) srigHo 3pasok | WBHAKOCTI | 3pa3soK | MIBHIKOCTI
. Kx103, xB! Kx103, xB!
Tabmuii 2.
1 1,010 7 0,177
2 0,167 8 0,166
3 1,660 9 1,400
4 0,152 10 0,645
5 0,455 11 1,140
6 0,193 12 1,130
3a meromoM copbuili - pmecopbuii asory

0 100 200 300 400 500 .
7, XB (BET) [22] 6yno pocmimkeHO NUTOMY IIO-
Puc 4. KineTuka poskiany nepokcujly BOfiHI0 BEPXHIO Ta PO3MIP IIOP ACAKUX CMHTE30BAHNX

B IIPUCYTHOCTI CyMilmeil crmomyk KobambTy Ta 3paskiB (TaOm. 4).

MaHrany (3pasku NeNe: 9-12) srigHo Tabmuni 2.
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Tabmuus 4
XapaKTepuCTUKU OBEPXHi OTPUMAaHIX
OKCHUJIHVIX 3pa3KiB
Ne [nroma 06’em niop, | Po3mip mop,
TIOBEPXHS, 3
3paska H cM/r A
M?/T

1 101,70 0,8435 165,80
2 47,70 0,7935 332,70
3 19,38 0,1523 157,20
4 26,94 0,1986 147,40
10 74,63 0,2414 64,69
12 49,00 0,2432 99,27

Is maBefleHMX JaHMX BUJIHO, IO IMTOMA
HOBepxXHs Oinbla st 3paskiB, OTPUMAHUX
Py OCaJ/PKEHHI po34mHOM amiaky. [Ipm mpo-
KaproBaHHi 3a 400 °C nuToMa NOBEpPXHA 1A
KOOa/IbTBMICHUX 3pasKiB, OCa/PKEHUX pO3-
YIMHOM aMiaKy, 3MEHIIYETbCA, a [ 3pasKiB.,
oca/pKeHux i3 posunny 'MTA - 36inbiryers-
ca. O6’eM mop 3aleXNTh Bif ocapkyBaya i
MaJjIo 3MIiHIOETbCA B IIPOLIECi IPO>KapIOBAHHA.
Hna cyMicHO OCa/pKeHMX Ta NPOXKapeHuX 3a
400 °C 3paskiB (Ne 10, 12) muTomMa moBepx-
Hs Biflirpa€ CyTTEBY PO/b: 110 BOHA BUIIA, TO
Oinplra KaTaaiTMYHA 3[JaTHICTD 3pasKa 10 PO3-
KJIa/ly IIEPOKCUTY BOJHIO.

Mopdonorito orpuMaHux 3paskiB go-
CIIIPKYBA/IM 3a IOIIOMOIOX CKaHYHOYOl e/leK-
tpoHHOI Mikpockomii (CEM). Ilpn cunTesi
Ti[POKCOCIIONYK KOOanbTy 3a JOIOMOTOIO
PO34YNHY aMiaKy yTBOPIOIOTbCA YaCTKM, arylo-
MEpOBaHi y CKyIm4eHHs Kyractoi ¢opmu
(puc. 5 a). Cunre3 3a pmomomorow ['MTA
cripusie GOPMYBAHHIO YaCTOK TiIPOKCOCIIONYK
K00aJIbTy IepeBa>kKHO IIACTMHYACTOI GOopMIL,
sAKi HalrapoBaHi offHa Ha ofiHy (puc. 5 6).
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0)

Puc. 5. CEM-306pakeHHs1 3pas3KiB Ti[pOKCO-
CIIONYK KOOaIbTy, CUHTE30BaHMX 3a JOIIOMOTOIO
posunHiB: amiaky (a) Ta TMTA (6) micns tepmo-
06po6xu 3a 100 °C.

Tepmoo6pobKa rifpaToBaHNX 3pasKiB OKCH-
my Kobampry 3a 400 °C 3yMOBIIOE YacTKOBE
pyitHyBaHHA cpopmoBaHMx 3a 100 °C armo-
MeparTiB 3a IPVHLMIIOM ,,PO3KPUTTA OYTOHY
(puc. 6).

Ha puc. 7 naBegeno CEM-300pakeHHs
3pasKiB cyMili rifpoKcoCIonyk Kobanbry Ta
MaHTaHy, OTPUMaHUX CYMiCHUM OCafI)KeHHAM
i3 posunnip amiaky abo 'MTA, micna Tepmo-
06po6xy 3a 100 °C.
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a)
Puc. 6. CEM-306pakeHHs 3pa3KiB OKCHU/iB KOOalbTy, CHHTE30BAaHMX 3a JOIIOMOIOK PO3YMHIB:
amiaky (a) Ta TMTA (6) nicis repmoo6po6xu 3a 400 °C.

a) 6)
Puc. 7. CEM-306pakeHHs cymili rizpokcocnonyk kobanpry ta MaHrany (1:1), cuHTe30BaHMX 3a
JIOTIOMOT 00 po3unHiB: amiaky (a) Ta 'MTA (6) micisa tepmooo6po6kn 3a 100 °C

a)
Puc. 8. CEM-306pa>keHH: CyMillli OKCHAIB K0OanpTy Ta MaHrany (1:1), CMHTe30BaHUX 3a JOIIOMOTOI0
po3unHiB: amiaky (a) Ta TMTA (6) micsa repmooo6po6ku 3a 400 °C.
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K i mpu cuHTe3i IHAMBIZYalTbHUX OKCHU-
IiB, TaK i Ipu CyMICHOMY OCaJpKeHHi IXHiX
Ti[POKCOCIIONYK PO34MH aMiaky cripuse ¢pop-
MYBaHHIO 9aCTOK, aI/IOMEPOBAHUX Y chepudHi
YIpyIlyBaHHs, a Ipyu BUKopucranui IMTA -y
IUIaCTVHYACTi. 361/IbLIIeHHS TeMIlepaTypu Tep-
M006po6xu 10 400 °C pU3BOANTH O PYIHY-
BaHHA aIJIOMEpaTiB Ta 3MEHLIEHHA PO3MipiB
YaCTOK, 3 IKMX BOHM CK/IaJial0Thcs (puc. 8).

BMICHOBKU. Hait6inpury msuakicTs pos-
K/Iafly HEepOKCUy BONHIO 3a0e3NedyloTh Iifi-
POKCOCIIONYKY KOOA/IbTY Ta i10ro CyMilti 3 crio-
JyKaMJ MaHTaHy, CUHTE€30BaHi 3 BUKOPUCTaH-
M 'MTA, micnsa tepmoo6po6xu 3a 100 °C.
KoHcTaHTa IBUAKOCTI PO3K/IARy INEPOKCUIY
BOJHIO B IPUCYTHOCTI LMX CIIONYK CKJIaJIa€
1-1,66 xB.”' HaiimeHury mBuaKicTb pO3KIamy
MaIOTh 3Pa3KM Ti[POKCOCIIONYK MaHIaHYy, He3a-
JIEXKHO BiJl YMOB IXHbOTO CUHTE3Y.

3paski TiflpOKCOCIIONYK KOOaIbTy Ta MaH-
raHy, CMHTE30BaHi 3a JOIIOMOIOK PO3YMHY
TiJPOKCUAY aMOHIiIO, a TaKOX IXHI cyminmi
(1:1), sx mpaBwWIO, MiC/IsA TEPMOOOPOOKM 3a
100 °C yTBOPIOIOTD KY/IACTi armomepaTu. 3pas-
K, CMHTe30BaHi 3a fonomororo I'MTA, npnu
IIbOMY K PeXIMi TepMOOOPOOKM YTBOPIOIOTD
IUIACTVHYACT] artoMepary. 36iIbIIeHHS TeM-
neparypu Tepmoobpo6bxu mo 400 °C npusso-
JIUTb [0 YaCTKOBOTO PyIHYBaHHA YTBOPEHMX
3a 100 °C arnomepartis.

HaiiBnua npopyktussicts (am® H O, pos-
KIajeHoro 1 r karamizaropa) IpuUTaMaHHA
3paskaM TifpOKCOCHONYK KOOaabTy Ta JOro
KOMIIO3MIII 31 CIIOTyKaMJt MaHTaHy, CMHTE30-
BaHUM 3a siontomororo I'MTA, micna tepmoo-
6po6xu 3a 100 °C. 3paTHicTh Takux 3paskis
[0 KaTaJiTMYHOIO PO3KIafy IEePOKCUNY BOJ-
HIO OLIIHIOETHCS BEIMYMHOIO, HE HIDKYOI0 3a
2,4 im® H O, (14 zi6). ITopiHAHO 3i ciomyKa-
MU, CUHTE30BAaHMMU 32 JIOTIOMOTOK0 PO3YMHY
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aMiaky, BOHM Oi/bpIn TpuBamii 4ac 36epira-
I0Tb CBOIO aKTUBHICTb.

3pasKky, OTPUMaHI IPM OCAJPKEHHI PO3UN-
HOM aMiaKy, MalTb Oi/IbIIIy IUTOMY IIOBEpPX-
HIO, HDK cuHTe30BaHi B po3unHi TMTA. IIpn
npokaproBaHHi 3a 400 °C nmuToMa NOBEpXHA
st KOOANbTBMICHMX 3paskiB, OCafKeHUX
PO3YMHOM aMiaKy, 3MEHIIY€EThCA, a /I 3pas-
KiB, ocajpkeHMx i3 pozunny 'MTA - 36inpmry-
eTbcs. O0’eM IOp 3a/eXUTD Bif ocamKyBada
1 Majio 3MIiHIOETbCA B NPOLECi IPOXKAPIOBAH-
HA. /14 CyMiCHO OCaJI)K€HUX Ta IPOXKapEHNX
3a 400 °C 3paskiB nuTOMa NOBEPXHA Biflirpae
CYTTEBY POJIb: 1[0 BOHA BMIIA, TO Oi/bIa Ka-
TaJIiTUYHA 30aTHICTh 3pasKa /10 pO3KIajy Iie-
POKCHlY BOJHIO.

BigmiyeHo, 1m0 npy 3MillyBaHHI OKCHU[IIB
K00aJ/IbTy Ta MaHTAHY, CUHTE30BaHMX 3a JOIO-
MOTOI0 PO3YMHY aMiaKy, IPOSAB/IAETbCA ePeKT
CMHEpTrisMy. 3a CHMHTe3y 3 BUKOPUCTAHHAM
I'MTA neit edekT He CIIOCTepiraroThb.

BNUAHWE YCNIOBUIA CUHTE3A OKCW[10B
KOBAJIbTA U MAPTAHLIA HA X CNOCOB-

HOCTb K KATAJIUTUHECKOMY PA3JI0XE-
HWUH NEPOKCWUA BOIOPOJA

A. II. Meanenxo', T. B. Ilagnenxo’,
IO. B. Ilozopenko', A. A. Omenvuyx’,
B. M. Bvixog?

"Mncmumym obuwseil u HeopeaHuueckol Xumuu
um. B. JI. Bepnaockoeo HAH Ykpaumot, npocn.
Axademuxa Ilannaouna, 32/34, Kues 03142,
Yxpauna
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30/b-Telb METOIOM C MCIIO/Ib30BaHMEM
PasIMYHBIX OCafyTeNnell (pacTBOp aMMMaKa 1
I'MTA) nonydeHs! OKCABI KOOanbTa 1 Map-
TaHIla ¥ UX CTOKHOOKCH/IHbIE KOMIIO3UIUN.
Ha COM-u3o6pakeHuu BBICYIIEHHBIX IIPU
100 °C 06pas1ioB, 0CaXKI€HHBIX C TIOMOIIBIO
pacTBOpa aMMmaka, HaOIIJaeTcs armome-
panua IUIOCKUX YacTUI] TMAPATUPOBAHHBIX
OKCHIOB KOOanbTa M/WIM MapraHua riao0y-
nsapHoyt ¢opmel. Ina 06pasuoB, OCaKfeH-
HbIX B pactBope [MTA, COM-n3obpakenne
IpefiCTAaB/IeHO aIJIoMepalieil YacTUI B BUJe
nnockux cnoes. [IpokanuBanme npu 400 °C
YacCTMYHO paspyllaeT CTPYKTypy. MeTomom
P®A omnpepneneHo, 4TO KaK M MHAMBUJYAIIb-
HbI€, TaK ¥l COBMECTHO OCXJ€HHbIE IUJ[POK-
COCOeMIMHEHMS IIOCTe MPOKAJMBAHUA IpU
400 °C obpasyoT okcupHble (a3bl cOCTaBa
Co,0, u Mn,O,. Kunernyeckue uccnemo-
BaHNA Pa3/IOKEHUA IepOoKCcKia BOJOPOAa C
ydJacTueM HOTyYeHHBIX 0OpaslloB yKasbIBa-
I0T Ha IepBbIIl MOPAMOK peakuuu. Jlyuuryio
CIIOCOOHOCTh K KaTanmay HpOABJIAT 00-
pasubl TMAPOKCUAA KOOanbTa M COBMECTHO
OCaX/IEHHBIX TUAPOKCOCOEMHEHNIT KOOaIb-
Ta ¥l MapraHiia, CMHTE3VPOBAHHBIX B PACTBO-
pe ITMTA.

KnroueBble coBa: 30/1b-relb CUHTE3, OK-

cupBl KoOabTa M MapraHiia, IepoKCuy, BOJ0-
Ppoza, KaTaIUTNYeCKOe pas3iokeHue.

https://ucj.org.ua

INFLUENCE OF CONDITIONS OF SYNTHESIS
OF COBALT AND MANGANESE OXIDES

ON THEIR ABILITY TO CATALYTIC
DECOMPOSITION OF HYDROGEN PEROXIDE

O. P. Ivanenko'*, T. V. Pavlenko’,
Yu. V. Pohorenko', A. O. Omelchuk’,
V. M. Bykov*

'V. 1. Vernadsky Institute of General and In-
organic Chemistry of National Academy of
Sciences of Ukraine, 32/34 Academic Palladin
Avenue, Kyiv 03142, Ukraine

’Institute of Physics of the National Academy
of Sciences of Ukraine, 46 Science Avenue, Kyiv
02000, Ukraine

Cobalt and manganese oxides and their
complex oxide compositions were obtained by
the sol-gel method using various precipitators
(ammonia solution and HMTA). It was deter-
mined by X-ray diffraction method that both
individual and co-precipitated hydroxo com-
pounds after calcination at 400 °C form oxide
phases of Co,0, and Mn,O, composition. Sam-
ples obtained by sedimentation with ammonia
solution have a larger specific surface area than
synthesized in HMTA solution. When cal-
cined at 400 °C, the specific surface area for
cobalt-containing samples sedimentated with
ammonia solution decreases, and for samples
sedimentated from HMTA solution - increas-
es. The pore volume depends on the precipita-
tor and changes little during calcination. For
co-sedimentated and calcined at 400 °C sam-
ples, the specific surface area plays a significant
role: the higher it is, the greater the catalytic
ability of the sample to decompose hydrogen
peroxide. On the SEM image of samples dried
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at 100 °C, sedimentated with ammonia solu-
tion, agglomeration of flat particles of gitrated
oxides of cobalt and/or manganese of globu-
lar form is observed. For samples deposited in
HMTA solution, SEM images are represented
by agglomeration of particles in the form of
planar layers. Calcination at 400 °C partially
destroys the structure. Kinetic studies of the
decomposition of hydrogen peroxide with the
participation of the obtained samples indicate
the first order of the reaction. Samples of co-
balt hydroxide and co-sedimentated cobalt
and manganese hydroxy compounds synthe-
sized in HMTA solution showed the best abil-
ity to catalyze. The highest productivity (dm’
H,O, of decomposed 1 g of catalyst) is inherent
in samples of cobalt hydroxy compounds and
its composition with manganese compounds
synthesized by HMTA, after heat treatment
at 100 °C. The ability of such samples to cat-
alytic decomposition of hydrogen peroxide
is estimated to be not less than 2.4 dm® H,O,
(14 days). Compared to compounds synthe-
sized with ammonia solution, they retain their
activity for a longer time.

Keywords: sol-gel synthesis, cobalt and

manganese oxides, hydrogen peroxide, catalyt-
ic decomposition.
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MNP0 MOXNUBOCTI BTOPUHHOIO BUKOPUCTAHHS CTIYHOI

BOAW BIOEHEPTETU4YHOI0 KOMMNNEKCY

Ilepwuna K. [I. ', Bucmpux O. B.', Botiuyx O. B.', Iaiioaii O. I.", /Iawmescvoxuii O. 1.7,
Ilepuncvka H. 1.", Kosanv JI. B."

! Tnemumym 3azanvHoi ma Heopeaniunoi ximii im. B. I. Bepnaocvkozo HAH Ykpainu, 03142,
np-m axao. Ilannadina 32/34, Kuis, Ykpaina
*e-mail: Pershina@ionc.kiev.ua

ITpoBeneno aHani3 3aranbHUX Qi3MKO-XiMiYHMX ITOKA3HUKIB Ta BMICTY BaKKMX METasiB CTIYHMX
BOJ] 6i0eHepreTMYHOr0 KOMIIEKCY. BcTaHOBIIEHO, 1110 IIBU/KICTD OCiIaHHS 3aBUC/IMX YACTOK y CTIYHIi
BOJIi 3a/IeXWUTD BiJi po3TallyBaHHA NOMIB (inbTpalii 31 CTIYHOIO BOKOIO Bifl /pKeperna 3a0py[HEHHS.
bina mxepena criocrepiraerbca MaKCMaIbHe IIePEBUIEHHA Ki/IbKOCTI 3BaXKEHMX YaCTOK 13 MiHiMaIb-
HOIO IIBUKICTh OCa>KEeHHS.

Y Bcix mpo6ax cTiYHOI BOAM MOKasHMKM XiMI4HOTO Ta 6GiOTOTiYHOTO CIOXKMBAHHS KUCHIO Iepe-
BUILYBa/IM JOIIYCTVMi HOPMAaTUBU Ha TPU MOPAAKY I BOJLOVIM PeKpealiifiHOro BOJOKOPUCTYBaHHA
Ta TIUX, 10 3HAXO[ATLCA B MEXKAX HACe/IeHNX ITyHKTIB . TakuM 4MHOM, 110 BOAY He MOXKHA CKUJATH B
Oynb-AKy BOf0IMY, 60 BOHa OTpeOye HOZATKOBOTO OYMIIEHHA BijJj opraHiyHnX pedyoBuH. Takox i
11iei BOAM 3aCTOCYBaHH:A 0i0/NOriYHUX METOJIB OUYMIIEHHA 6e3 HONATKOBMX XiMiYHUX 3ac006iB € Mato-
epexTrBHMM. HasgBHICTb KOMIUIEKCY MaKpO- Ta MiKPO€/IEMEHTIB Yy CTIYHUX BOJIaX y IOEJHAHH] 3 BU-
COKVIM BMICTOM OPTraHiYHMX PEe4OBMH (TyMyCy Ta CyIb(POKUCIOT) MOXKe OyTH MifCTaBO A1 IXHBOTO
BUKOPUCTAHHSI K CUPOBVHM AJIs1 BUPOOHUIITBA HOOPUB.

KirouoBi cnoBa: 6ioeHepre TMUHMIT KOMIUIEKC, CTiYHA BOJIA, BaXKKi MeTasIN, IyMyc, OOpuBa.

BCTYII. BuxopuctanHs 6ioeHepre TMYHIX
KOMIIJIEKCIB € CyJaCHUM HAIpAMKOM PO3BUT-
Ky cBiTOoBOro arpob6isnecy. B VkpaiHi Tinbkn
3a paXyHOK BUKOPUCTaHHA BiIXOJiB Ci/IbChKO-
ro TOCIOfapCTBa MOXKHA 3aMicTUTM 9 MR
KyboMeTpiB rasdy mopidHo. 3a cepefiHbOI BpO-
JKaMHOCTI eHepreTuYHux KyabTyp 11,5 man
TOHH Ha piK Ha 1 MJIH ra MO>XHa 3aMiCTUTH 10
5,5 MyIpp, KybometpiB rasy [1]. Ane excrirya-
tanis 6ioeHepretmunHux kommiekciB (BEK)
IIPU3BOJVTD 10 BICOKOTO PiBHS BUPOOHUIITBA
Bi/IXO[IiB, 1110 3HAYHO IOTipIIy€E piBEHb XUTTA
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HaceJleHHA B pajloHax JIOTO pO3TallyBaHHA.
Ile Hacammepes HOB’S13aHO 3 HAsIBHICTIO He-
IIPMEMHOTIO 3allaxy, WIKiJ/IMBUX PEYOBUH Y
NOBiTpi Ta 3a6py,t[HeHHHM Mig3eMHNX BOTHUX
TOPU3OHTIB, IO € HAC/TIKOM HAKOIMYEHH:
CTIYHUX BOJ, Ta MY/IOBUX BiZIXO[iB, 0COOMMBO
IpV BUKOPUCTaHHI moniB ¢inbrpanii. 3 gpy-
roro 60Ky, B CTiYHUX BO#ax (PiKCyOTb Bemn-
Ky KiJIBKIiCTb HaTpilo Ta Kaslilo, o Moxe 0y TH
Iy>Xe epeKTUBHUM IpJ BUKOPUCTaHHI iX y
pocmHHUNTBI [2]. Takok HasABHICTH MeTa-
NiB, TaKMX AK KajblIlill, Mardiin y CymnpoBOfi
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BEJIMKOI KI/IbKOCTI OPraHiYHMX CIIO/IYK Ta Mi-
KPOJIOMIIIIOK JIesIKUX BaXKKMX MeTasiB (Mifb,
KOOajIbT, I[MHK, MaHTaH Ta HiKe/lb) MOXKHa
po3I/IAfaT! K OCHOBY JMUIs BUPOOHUIITBA
HOOPUB OIS [EeSIKUX CiMbChKOTOCIOAPCHKIX
KynbTyp [3]. Ajle BUKOPUCTaHHS CTiYHUX BOJ
AK JOOpUB OOMEXYETbCA HASABHICTIO iHIIMX
TOKCMYHIUX MeTasliB, HacamIepesn Kajmilo,
CBUHIIIO Ta CTPOHIIIO, a TAKOX MMLH’;IKy, AKI
4acTO MNPUCYTHI B HPOAYKTaX CIIAJ0BaHHA
pocnmuHOl cupoBuHu [4, 5]. Tomy BcTaHOB-
JIEHHS MO>XX/IMBOCTi BTOPMHHOT'O BUKOPUCTaH-
Hs1 CTIYHUX BOJ] 6i0€HEPre TMYHOTO KOMIUIEKCY
K JOOPUB MEPIUIOI YeProlo 30CepeXKeHO Ha
BCTaHOBJIEHI BMICTY M€TaJIiB Ta IXHbOI'O CIIiB-
BiIHOLIEHHA 3 OpraHiyHMMM 3a/MIIKamu. Lle
cpopMymoBaNo 3arajbHy MeTy poboTu: Jo-
cripkeHHA 3paskiB Bogu BEK Ha BMicT 3armisa,
MiJii, KaJIif0, HaTpPilo, KajIbllif0, MaTHil0, CTPOH-
IIif0 Ta iHIIMX Ba)KKMX MeTaJIiB, OIliHKa IXHbOIL
OPraHiYHOI CK/Ia[JOBOI Ta aHaJIi3 MOXX/INBOCTL
BTOPMHHOTO BUKOPUCTAHHSA BOJY JI/I ITO/INBY
CiIbCbKOTOCIIOJIAPCHKUX KY/IBTYP.
EKCIIEPMIMEHT TA OBI'OBOPEHHA
PE3YJIBTATIB. [locnmifiKeHHA 3pasKiB CTid-
Hoi Bogu (Puc. 1. Kapra-cxema crokiB nHa TOB
«[mo6uHCHKUIT 6i0eHepreTMYHMIT KOMIUIEKC»)
IMIPOBOAVM/IN 3 BUKOPUCTAHHAM HACTYIIHUX Me-
TOZIB aHa/i3y: BMICT BaXKUX METa/IiB OLiHIO-
Ba/l METOIOM aTOMHO-a0COPOIiTHOI CIIeK-
TPOCKOIII 3TifHO MIDKHAPOJHOIO CTaHAAPTY
ISO 8288 «BusHaueHHs KO0OanibTy, HiKeIIo,
Mifi, IMHKY, KaaMito i cBUHIIO» [6] Ta MeToaM-
Ku «BusHayeHHs eneMeHTIB aToMHO-abcop6-
nirtanM ciekrpomerpraHnM (AAC) MeTogom»
[7], pH - morenuiomerpnyno, srigao JCTY
7525:2014 Bopma nnuTtHaA. XiMiyHe CIIOKMBAaHHSA
KVCHIO mxpomMaTHe, Mr O,/m’ sTiffHO 3 MiKHa-
ponuanM crargaproM ISO 6060:2003 [8]. Cyxuit
3a/IMIIOK, MI'/M’ — TpaBiaMeTPUYHO, HATPili Ta

https://ucj.org.ua

KaJlill — 3 BUKOPUCTAaHHAM IIOJIyMEHEBOI CIIEK-
TPOMETPii, CYMapHMIi CONIEBMICT PO3paxoByBa-
JIVL 32 3aTa/IbHYM BMICTOM METaIiB.

Puc. 1. Kapra - cxema Bigbopy npo6 mis ana-
JUTUYHOTO KOHTPOJIIO

[Tpobu [is aHAMITUYHOTO KOHTPOJIIO Bif-
Oupanu 3rigHo KapTu-cxemu (puc. 1). Pesynp-
TaTyV BYUMIpPIOBaHb HAJJaHO 3a JAHMMM aHaIi3y
cepenHbOI MpobOM (KiNMbKicTh 3pasKiB y cepen-
Hilt po6i — 12). Hymeparito 3paskiB HaBepe-
HO B Tabmunj 1.

Tabnuns 1.
Hymepanisa spaskiB ctiuHoi Bogu

Hywmepartis 3a kapToro ITopsakosuit

BimOopy mpoo HOMED 3pa3Kka
cToku kapra Ne 1 1
cToku Kaprta Ne 2 2
cToku kapta Ne 11 3

TOB «I'mobuHchKmit 6i0- 4

€HEpPreTUYHUI KOMIUIEKC
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3a OpraHONENTUYHMMM IOKAa3HMKAMM BCi
CTi4HI BOAY Maju Iy>Ke CUIbHMIA 3aIax CipKo-
BOJIHIO, 4 6211 3a IIKAJIOK0 OLIHIOBAHHSA 3amnaxy
(MakcuManbHMit 6as 5), HAABHICTD KONIbOPY —
OpynHO-cipuit. Y mpo6i Ne 4 xonip 6yB 6/mypk-
4YuM /10 YopHoro. [Ipy Bu3Ha4eHHi Ipo30poCTi
Bopu npwiafioM CHeJleHa BCTAaHOBJIEHO, 110 Y
npobax 1-3 mposopicts ckmapy — 20 cM (momy-
cTuMa), a y 3pasKy Ne 4 — Menma 3a 20 cM, T06-
TO BOJa NOTPeOyeE IOIAIBIIOrO OCBIT/ICHHS.

Bci 3pasku criunoi Bopu Oyniu Helmpo3opu-
MM, TOOTO BUCOKOKAJIaMyTHVMMU, MajIi BeJN-
KY KIJIbKICTh 3BOKEHMX YaCTOK, AKY BCTAHOB-
moBany pu ¢inbpanii TOYHO BUMipIOBaHOTO
00’eMy BOAM 3 HACTYIIHVM 3BXYBaHHAM Cy-
xoro ocapy (ta6n. 2) [7-10]. HIBuakicTs oci-
TAHHA OLIIHIOBA/IM 34 PE3y/NIbTaTaMMI CEJVIMEH-
tanitHoro anamisy [11]. ITpoBepeni Bumpo-
OyBaHHS BCTAHOBWIM, IO 3pa3ky 1-3 MawTh
He Iy>Ke BEeIVKe IIEPEBUILEHHA 3a 3BAKEHVMMU
JacTKaMU Ta IIBU/IKICTIO OCiIaHHS, ajie 3pa30K
Ne 4 mae my>Ke BeNMKe IEPEBUIEHHA HOPM 3a
3BaKEHVMU 4acTKaMU Ta IIBUAKICTIO IXHbOTO
OCAJI)KE€HHA.

OuiHka BMICTy BaXKUX MeTasliB y CTiuHii
BOJji BCTAHOBM/IA HAABHICTb TAKUX METAJIIB,
Ak Cd, Mn, Co, Cu, Fe, Ni, Pb, Sr, Zn, As, Hg.
Taxi meramu, sax Cd, Co, Ni, Pb, Hg, a Takox

As y Bcix nmpob6ax cTi4YHOI BOAM 3HAXOHATHCS
Ha piBHi cifoBoi KinbKocTi (Tabm. 3.). I srigHo
€KOJIOTIYHMX HOPMATMBIB AKOCTI IiJJ3€MHUX
BOJ| IIOPiBHAHO 3 IXHIM MaKCUMa/JbHUM IIpU-
PONHMM BMICTOM MOXeE 6yTM BiTHECEHO [0
I xateropii [6, 8].

Tabnuns 2.
3Ba’KeHi YaCTKM Ta IIBUAKICTh OCiTaHHA
ocajy B mpo6ax cTivHoi Boau

Ne 3BaKeHI YaCTKH, LIBugKiCTE
3paska mr/am? ocigaHHs, /100y

1 104.0+0.1 45+1.0

2 79,1£0.1 40£1.0

3 105.0+0.1 45£1.0

4 964.0+0.1 230+1.0

Amnajtis BMICTY JIOHIB KaJlio, HaTpilo, Kajb-
I1if0 Ta MarHilo B Ipo6ax CTiYHOI BOAY BCTAHO-
BuB criBBigHomeHHA K:Na B 3paskax 1, 2 npu-
6mmsHo 1:1, y 3pasky 3 crmocrepiramy nepeBu-
II[eHHs PiBHs HATpio IpMOIM3HO B 7 pasis, a B
3pa3Ky Ne 4 KOHIIeHTpallifl Kajiio 6y/1a BUIIO0
KOHIIeHTpaLlil HaTpito B 2 pasu. Y Bcix nmpobax
KOHIIEHTpallid KaJblLil0 IIepeBUIyBaia KOH-
[[eHTpallifo MarHio B 1,5-2 pasu (tabm. 4). 3a
CyMapHMM BMICTOM KaJIbLIil0 Ta MarHiro BCIO
BOJY MO>KHA KIacu]iKyBaTy K )KOPCTKy [12].

Tabmuns 3.
CepenHiit BMiCT Ba)KKUX MeTA/IiB Y CTIYHMUX BOJAX 3TigHO Tabmmii 1
PesynbraTi BU3SHAUCHHS, MT/JT
NoT7Cd TMn | Co | cu | Fe | Ni | b | st | zn | As | He
1 <0.1 1.2 <09 <035 6.9 <02 <10 <1.0 065 <05 <02
2 <0.1 2.5 <0.9 095 9.6 <02 <10 <1.0 065 <05 <02
3 <0.1 0.9 <09 045 575 <02 <1.0 1.0 035 <05 <02
4 <0.1 6.7 <0.9 095 50 <02 <1.0 5.0 1.35 <05 <0,2

[To3nauka < — BKa3zye Ha MeXY KUIBKICHOI OIIHKHM ITMX METaJiB 3aCTOCOBAHUM METOJIOM, TOOTO
BCTAHOBJICHY TIPUCYTHICTh ITMX METAJIB, a Bi3HAYCHHS KIIBKICHOTO BMICTY Ma€ BEIHKY MOXUOKY, B
[IOMY BUTIQJIKy BMICT BU3HAYAIOTh 5K CJIiJIOBY KUTBKICTh.
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Tabnuus 4.
Konuenrtpanis kaniro, HaTpilo, Kanbliilo Ta MarHiro B CTiYHii Bopi
Ne Pe3ysnbraTu BU3HAYCHHS, MT/ M’
K Na Ca Mg
1 28,0+0.2 29.0£0.1 172.5+0.5 116.0+£0.5
2 31.2+0.2 29.0+0.1 267.5+0.5 116.0+£0.5
3 7.8+£0.2 58.0+0.1 100.0+0.5 50.0+0.5
4 106.0+0.2 50.0+0.1 568.0+0.5 405.0+0.5
Tabmuig 5.
IHokasnuku XCK, BCK, cyxoro sannmky Ta MiHepai3amii
| XK | ek [ e | O M P
1 868+£1.0 578,7+0.3  7,6+0.1 21,324+0.02 0,49+0.02 20,83+0.02
2 840+£1.0 560.0+0.3 7,8+0.1 20,80+0.02 0,50+0.02 20,3+0.02
3 868+£1.0 578,7+0.3  6,8+0.1 21,80+0.02 0,28+0.02 21,52+0.02
4 952+1.0 634,7+0.3  8,6+0.1 23,04+0.02 1,29+0.02 21,75+0.02

Y BciX JoCmimKeHUX Mpobax HMOKa3HUKMI
XiMi9HOTO Ta 6i0/TOTiYHOTO CITOXKMBAHHS KIC-
HI0O I€PEeBUILIYBA/IM [AONYCTUMI HOPMATUBMU
Ha TpU NOPAAKU JJIA BOJOMM peKpealiiiHOro
BOIOKOPUCTYBaHHA Ta TUX, IO 3HAXOJATbCA
B MeXKaX HaceneHNX MyHKTiB (30 mr/m). Takum
YI[HOM, III0 BOAY He MOXKHA CKMJATU B OyAb-
Ky BOHOJMY, BOHa IOTpeOye [OHaTKOBOTO
OUYMILIEHHA Bifi Opra”HiyHuMX pedoBMH. binbin
TOTO, JI/IA 1ji€l BOAM 3aCTOCYBaHHA 6iosoriu-
HUX METOJ[iB OYMIIeHHA 0e3 JONAaTKOBUX Xi-
MiYHMX 32C00iB MOXKe 6yTU MamoedeKTBHUM
[13-15]. o Toro >x pe3ynbraTi 3a CyXuM 3a-
JIMIIKOM, AKUI € 3arajbHOI0 KiJIbKICTIO PO3-
YHEHUX COJIell Kajbllilo, MarHilo, Kajilo Ta
Harpito, 6ikap6oHariB, XM0pupiB, cynbdaris
Ta OpraHiYHMX PEYOBMH € JOCTAaTHbO BUCOKM-
MU, a Pi3HULA MDK MiHepaslisalli€ro Ta CyXum
3aJIMIIKOM [IOIATKOBO CBIYMUTb IIPO JIYKe
BUCOKMIT piBeHb OPraHIYHOTO 3a0pyAHEHHS
(Tabm. 5), sike MOXKe 6y TV BUK/IMKaHe BUCOKUM

https://ucj.org.ua

BMIiCTOM I'yMiHOBUX peYOBUH, TOOTO po3unm-
HEHUX QYIbBOKUCIOT Y BOJi, 1[0 Ma€ KMCIUI
4y HeMTpaabHMit mokasHuk pH (ue 3pasox 3)
Ta TYMYCy, 110 YTBOPIOETbCA B JTY)KHOMY Ce-
pemosui (3pasku 1, 2, 4). I'ymycosi kucnotn
BUTATYIOTb i3 TBEPAMX TOPIOYMX KOMAIUH i
IPYHTIB pO34MHaMIU TyTiB 200 COell Ty>KHMUX
MeTaJIiB y BUIVIAAL HijiCHUX TeMHO-papOoBa-
HJX PO3YMHIB — I'yMaTiB MeTaliB. I3 po3unHiB
TYMYCOBi KMUC/IOTU JIETKO OCIiJal0Th KIMCJIO-
TaMl y BUIIAAI aMOp(HOro IIAaCTiBYacTOro
ocapny. Came TaKy IOBEMIiHKY CIIOCTepiranam sa
KJCJIOTHOTO 00po6/IeHHs Ipo6 CTiYHOI BOAMUL.
A Bopia 3 BeTIMIKUM 3HaYeHHAM TYXHOCTI (Ne 3)
Mmae HaiBuule 3HadeHHA XCK, BCK Tta cyxmit
3aMMIIOK Ha (OHi He y>Ke BIUCOKNX 3HaYeHb
3arajpHOI MiHepamizauii (tabm. 5). Ile moB’s-
3aHO 3 TUM, 1[0 TyMaTy JTy>KHUX MeTasiB (ka-
M0 Ta HATpil0) pPO34YMHHI y BOfAi, a rymaTn
JTy>KHO3eMe/TbHMX MeTasliB (Kajbllilo Ta Mar-
Hil0) — HEPO3UYNHHI.
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OuiHka BMICTy BaXKUX MeTasliB y CTiuHii
BOZM BCTAaHOBUJIO HasIBHICTb TaKUX MeETAJIiB,
Ak Cd, Mn, Co, Cu, Fe, Ni, Pb, Sr, Zn, As, Hg.
Taxi meramu, sax Cd, Co, Ni, Pb, Hg, a Takox
As y Bcix npo6ax CTiYHOI BOIY 3HAXOMATHCS
Ha piBHIi C/TiJ0BOI Ki/IbKOCTI. I 3rifHO exoro-
riYHMX HOPMATUBIB AKOCTI MiI3€MHUX BOJ, I10-
PIBHAHO 3 IXHIM MaKCUMaJIbHUM IPUPOSHUM
BMicTOM Moxe 6yTu BigHeceHo 1o I-i 6e3mey-
HOI Kareropii. ¥ Bcix mpo6ax criynoi Bopgu
KOHIIEHTpallisd KaJbllilo IepeBuIlyBanta KOH-
LeHTpalifo MarHi B 1,5-2 pasnu. 3a cymapHUM
BMICTOM KaJIbI[i}0 Ta MarHil0 BCIO BOIY MOXXHA
K1acudikyBaTi AK XOPCTKy. Y Bcix mpobax
CTIYHOI BOAM IMOKA3HMKM XiMI4HOTO Ta 6iono-
TiYHOTO CIIOKMBAHHA KUCHIO I€peBULIYBaIN
JOIYCTYMi HOPMAaTMBM Ha TPU MOPANKU JJIA
BOJJOMIM pEKpealliifiHOTO BOMOKOPUCTYBaHHA
Ta TUX, IO 3HAXOATHCSA B MeXKaxX HaceleHUX
nyHKTiB (I'TK 30 mr/). Tomy 3a M mokas-
HVKaMH I[J0 BOZY He MOXKHA CKMIATy B Oyzb-
AKY BOJOJIMY, TOMY 1110 BOHA IIOTpebye Jopat-
KOBOT'O OYMIEHHS BiJi OpraHi4YHMX peYyOBMH.
Taxi sHauenns XCK ta BCK pgoBopsath, 110
IJIA IUX CTIYHUX BOJ, 3aCTOCYBAHHA TiIbKU
6i0/TOriYHMX METOIB OUMIIeHHS 0€3 JOgaTKO-
BUX XiMiYHMX 3ac06iB MOXe 6yTV Manoedex-
TUBHUM [16].

BMCHOBKIA. Ilposenennit ¢isuko-ximiy-
HUJ Ta KOMIIOHEHTHMII aHaji3 CTi4YHOI BOIM
0i0€HepreTMYHOr0 KOMIUIEKCY BCTaHOBUB
3a/IeXKHICTh TOKCMYHUX IIOKa3HMKIB BOJM BIiJT
BificTaHi mxepena 3abpygHeHHA. HasaBHicTb
KOMIIJIEKCY MaKpO- Ta MiKPO€/IEMEHTIB y CTiu-
HUX BOJax 0i0eHepreTMYHOro KOMIUIEKCY, SKi
pO3TallloBaHi Ha 30BHIIIHIX [iMAHKAaX IIOJIiB
¢binprpanii, y moegHaHHi 3 BUCOKMM BMICTOM
OpTaHiYHUX PeYOBMH (IyMYCy Ta CYIb(OKIC-
I0T) MOXKe OyTHU IiACTaBOIO IS iXHBOTO BMU-
KOPUCTaHHS K CUPOBMHM [IsI BUPOOHUIITBA
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1o6puB. BukopucranHs criuHoi Boyu i3 mxe-
pena 3abpymHEHHs TNOTpeOye IOZATKOBOTO
PO3BefieHHA IS OTPUMAHHA Oi/IbII HU3bKUX
KOHIIEHTpalliil IOHiB Ba)KKIX METAJIiB.

ITO/JAKA. ABTOpM BUCIOBIIOIOTH MOJAKY
arpoINpoOMICIOBOMY KOMIIIEKCY «AcTapTa»
3a iHAHCOBY Ta TeXHIUHY MiATPUMKY IOCIi-
IPKEHb.

ABOUT POSSIBILITIES OF THE SECONDARY

WASTEWATER USING OF THE BIOENERGETIC
COMPLEX

Pershina K. D.", Bustryk O. V., Boychuk O. V.,
Gayday O. G.', Lyashevsky O. 1.,
Perynska N. 1.", Koval L. B."

'V. 1. Vernadsky Institute of General and
Inorganic Chemistry of NAS of Ukraine Akad.
Palladin Avenue, 32/34, Kyiv, Ukraine, 03142.

*e-mail: Pershina@ionc.kiev.ua

The analysis of the general physical and
chemical indicators and the maintenance of
heavy metals of sewage of a bioenergy com-
plex is carried out. It is established that the
sedimentation rate of suspended particles in
wastewater depends on the location of filtra-
tion fields with wastewater from the source of
contamination. At the source, there is a maxi-
mum excess of the number of suspended par-
ticles with a minimum deposition rate. In all
wastewater samples, the indicators of chemical
and biological oxygen consumption exceeded
the permissible standards by three orders of
magnitude for reservoirs for recreational water
use and those located within the settlements.
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Thus, this water cannot be discharged into any
natural water basin and requires additional
purification from organic matter. Also for this
water, the use of biological treatment methods
without additional chemicals is ineffective. The
presence of a complex of macro- and micro-
elements in wastewater in combination with
a high content of organic matter (humus and
sulfonic acids) may be the basis for their use as
raw material for fertilizer production.

Key words: bioenergy complex, wastewater,
heavy metals, humus, fertilizers.

0 BO3MOXHOCTW BTOPU4HOI0 UCMOJb30-

BAHWUA CTO4HbIX BOAl BUOIHEPTETU4ECKO-
0 KOMIMNEKCA

Ilepwuna E. [I. ', Boicmpux O. B.', Boii-
yyx O. B.', Iaiioaii O. I.', /lawesckuii O. 11.",
Ilepunckas H. I1.", Koeanv /1. b.

Wnecmumym o6wieii u Heopeanuueckoti Xu-
muu um. B. V1. Bepnadckoeo HAH YkpaunoL,
03142, np-m axao. Ilannaouna 32/34, Kues,
Yxpauna

*e-mail: Pershina@ionc.kiev.ua

[IpoBenen aHamu3 oOmMMX (PU3MKO-XUMU-
YeCKMX IIOKasaTeeil M COep)KaHUs TsKe-
JIBIX MeTal/IOB B CTOYHBIX BOZAX OmosHep-
TeTUYeCKOr0 KOMIUIEKCA. YCTAHOBJICHO, YTO
CKOPOCTb OCEaHVsl B3BELIEHHbIX YacTUI] B
CTOYHBIX BOJjaX 3aBUCUT OT PACIOIOXKEHS
noselt (GUIBTPaLMy CO CTOYHBIMU BOJAMU
OT MCTOYHMKA 3arpsisHeHNs. B mcToyHmke
MIMeeTCsl MaKCUMaJIbHOe IIPeBBIIIeHe KO-
YecTBa B3BEIIEHHBIX YaCTUI] C MMUHUMAIb-
HOJI CKOpPOCTBbIO OCaxaeHMs. Bo Bcex mpo-
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0axX CTOYHBIX BOJ, ITOKa3aTeIM XMMMIYECKOTO
¥ OMOIOrNYecKoro MoTpeb/neHns KIUCIopoaa
Ha TPM IOpPsAJKa IIPEBBIIANN IOIYCTVMBbIE
HOPMBI JIJI1 BOJJOEMOB pPeKpealMOHHOIO BO-
IOTIO/Ib30BAHNA U PACIIONOXEHHBIX B Hace-
JIEHHBIX ITyHKTaX. TakuM o6pasoM, aTa Boja
He MOXeT ObIThb COpOIlleHa HU B OfMH IIpHU-
POZIHBI BOj0eM U TpeOyeT HOIOMTHUTENbHO
OYMCTKM OT OPraHMYeCKMX BelecTB. Taroke
JUTsL 9TOM BO#bl Hea(hPeKTUBHO HmpUMeHeHue
METOJIOB OJOJIOTMYeCcKOl 04MCTKYU 6e3 JOIoI-
HUTE/IbHBIX XMMMKaTOB. Hamune B cTOUHBIX
BOJIaX KOMIIIEKCAa MaKpO- I MYKPO3/IEMEHTOB
B COYETAHMM C BBICOKMM COJEpKaHIeM Opra-
HIYECKUX BelecTB (Tymyca U CylIb(OHOBBIX
KVCJIOT) MO>KeT ObITh OCHOBaHMEM IS UX VIC-
IIO/Ib30BAHMA B Ka4eCTBE CBIPbA A IIPON3-
BOJICTBA yJOOpEHMIL.

KmroueBble crmoBa: 6109HepreTYecKuit
KOMIUIEKC, CTOYHAsA BOJja, TSDKEJIble MeTaJlIb,
TYyMYC, yROOpeHnms.
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®I3UKO-XIMIYHI TA MEXAHIYHI XAPAKTEPUCTUKHK

ENOKCUYPETAHOBUX KOMINO3UTIB

J1. M. wenxo, H. B. AIposa, /1. O. Boponuosa, O. B. ba6iu, O. M. Iop6amenxo,
0. O. bposxko

Incmumym ximii eucoxomonexynapuux cnonyx HAH Yxpainu, Xapxkiecvxe wioce, 48, Kuis,
02160, Yxpaina
*e-mail: lara.yashchenko@gmail. com

Enokcnyperanosi kommosutu (EY) pospo6meno Ha ocHosi momiisonianary (ITILI), emokcuanoi
cmomu (EJI-20) ta cunikary Hatpito (CH). Pesynbratu ¢isuko-XiMidYHMX JOCT/KeHDb [TOKa3ay, 110
orpumani EY MaoTh OIHODIZHY i )XOPCTKY CTPYKTYPY, a IiBUIIEHHSA BMICTy CU/IIKaTy HaTpil0 B ixX-
HbOMY CKJIa i IIPYCKOPIOE IIPOLiec TePMiYHOI iecTpYyKIIil, mpoTe BoHM cTabinbHi o 400 °C, 1110 3yMOB-
JICHO HasBHICTIO B iXHiil CTPYKTYpi reTepoUMKIIYHNX i3oLiaHypaTHUX (parMeHTiB, AKi 6imbLI CTiil-
Ki, HDK ypeTaHoBi. BusHayeHo MexaHi4yHi BractuBocTi EY, Taki AK MilJHICTh IpM CTMCKaHHI, MOLY/Ib
IPY>KHOCTI Ta BifHOCHa JedopMaliis Ipy CTUCKAaHHI, MIIIHICTb IIpM 3TMHAHHI Ta BOJONIOITIMHAHHS
3aJIeKHO Bif} CIiBBiJHOIIEHHA KOMIIOHEHTIB. Pe3ynbraTy nmpoBefeHnx JOCIi)KeHb IOKa3yIoTh, 110,
3MIiHIOIOYM CIIiBBi/JHOIIIEHHA OPTaHiuyHOI i HeOpraHiyHOI CKMaloBuX B EY, MO)XHa perymoBartu Tep-
MOCTIJIKiCTh Ta MEXaHi4Hi BIaCTMBOCTi €OKCUYPETAHOBMX KOMITO3UTIB BifJIIOBiIHO O iXHBOTO IPM-

3HAYCHHA.

Knro4oBi crmoBa: enokcmypeTaHOBi KOMITOSUTH, TYCTHHA, TeIUIOQi3WYHI BIACTUBOCTI, MeXaHi4Hi

XapaKTEepUCTUKHN, BOOOIIOT/ITHAHHA.

BCTVYII. Hosi TexHiuHi pillleHHA B pi3HUX
Tajly3sX HapOJHOTO TOCIIOJApCTBa IOTpely-
IOTb 1 HOBUX e(l)eKTMBHMX Marepiais, 110 Ma-
I0Tb 5IK XOpoIli (i3MKO-MeXaHiYHi TOKa3HUKY,
TaK i BUCOKI TeIio- i TepMOCTabiNbHICTD, Xi-
MiYHY Ta TiZpOMITUYHY CTIMIKICTb i BiIioBiza-
I0Tb HeOOXiTHMM eKCIUTyaTalliiffHMM BUMOTaM.
[Ipob6neMy OTpUMaHHS HOBUX IIOJIMEPHUX
MarepialiB 4acTo BUPIimIyI0Th Moaudikalieo
IIePeBipEHNX YacoOM TpafMLiiHUX IIO/TiMepiB
1 omromepis, sgKa IIOJIATAa€ B YaCTKOBiM 3MiHi
ixHbOI XiMiuHOI 6YZOBY Ta HaJMOJIEKY/IAPHO]
CTPYKTYpH, IO J03BOJIAE 3abesmeunTtn Oa-
JKaHMII piBE€Hb €KCIUTyaTallifiHO-TeXHIYHUX i
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eKOHOMIYHMX ITOKasHMKIB [1-6]. Taka ximiuHa
Mopuikalis J03BOJSIE LiNeCIPMOBAHO 3Mi-
HIOBATY i MOKpallyBaTy BIaCTUBOCTI IOIiMe-
piB, HE B/IalI0YNCDh IO CMHTE3Y HOBUX.

Y upomy acmekTi enokcmyperaHoBi (EY)
Io/IiMepy NPUBEPTAOTh yBary pisHOMaHIT-
TAM MOX/IMBOCTENl B3aeMHOI Mopudikarii
€IIOKCUJIIB i IomiypeTaHiB — OTpUMaHHA CyMi-
1reii i crraBiB monimepiB i3 pisHumu ¢yHKIio-
HaJIbHVIMU TPYIIaMU, AKi MICTATb OpraHivHi Ta
HeOpraHiuHi CK/IaJIOBi, TaK 3BaHi opzaHo-He-
Op2aHiyHi KOMIIO3UTY, 11O JO3BOJIAE ITOKpa-
LIyBaTy BIACTMBOCTI MOIMEPHUX MaTepiaisb.
Hanpuknan, cunikar Hatpito (CH) 3aBpsku
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HaABHOCTI IIpOKCUIbHUX IPYII Ta KOOPAVHA-
LI/1Hi/1 HEHACUYEHOCTi aTOMY KPEMHIIO aKTUB-
HO pearye 3 OpraHi4YHuMM CIOTyKaMy, 30Kpe-
Ma IIojTii3oliaHaTaMu;.

IIp cTBOpeHHI HOBMX KOMIIO3MIIiIIHMX
MarepialiB BaXKIMBUM € JOCTIJ)KEHHA Iapa-
MeTpiB, SIKi BUSHAYAIOTh IXHIO (a30BY CTPYK-
TYpy, TEPMiI4HI peXUMM BUKOPUCTAHHA, CTa-
OinbHICTD i MeXaHiUHY MIilHICTD, TMM Oible,
110 CTPYKTYPpa i1 BIaCTUBOCTI OpraHo-Heopra-
HIYHVMX KOMIIO3/TiB 3HAaYHOIO MipOIO 3aJI€XKaTh
BiJI CITiBBiTHOIIIEHHS BUXiJHUX KOMIIOHEHTIB.

Y mnomnepepsiit po6ori [7] Hamm 6yno mo-
CIIIJPKEHO B3AaEMOJII0 CK/IAJOBUX €IIOKCUype-
TaHOBOT'O CIIOJTYYHOIO Ha OCHOBI mojii3olia-
Hary (I1IL]), emokcuauoi cmonu EJI-20 ta CH.
I[ToxasaHo, w0 npu GOpMyBaHHI eOKCUype-
TAHOBOT'O CIIOJTyYHOTO Y CUCTeMi BOJHOYAC
BiflOyBalOThCs peakllii OTBep/IHEHH eTIOKCHU -
HOI CMOJIM BHAC/TiJOK B3a€EMOII i301jiaHaTHUX
TPYII IOJIii3011iaHaTy 3 TiAPOKCUIbHUMMU IPY-
IIaMJl OJIirOMePY, OTBEPAHEHHS EeNOKCUIHOI
CMOJIM ypeTaHOM — IpofyKToM peakuii ITI1] Ta
CH, axnii saTHUI pearyBaTyl 3 eIOKCUFHVMMA
rpyliamy, Ta TpUMepPU3allil i301jiaHaTHNUX TPYII
3 YTBOPEHH:AM i30lliaHypaTHUX QparMeHTiB.

CyKynHICTb OTPMMAHMX JAHMX JA€ MOX-
NMUBICTB posriagaT gocnifmxeni EY kommnosn-
il AK eeKTUBHI CIIONYYHI /11 BUPOOHNIITBA
KOMITO3ULIITHUX MaTepiaJliB.

OTxe, MeTOI0 L€l po6OTHU € BUBUEHHS i-
3MKO-XIMIYHMX Ta MEXaHIYHUX XapaKTepuc-
TUK €NOKCUYPETAaHOBUX KOMIIO3UTIB, AKi €
BOK/IMBMMMU Y IIPOLEC IXHPOTO MPAKTUYHOTO
3aCTOCYBaHHA.

EKCIIEPMMEHT I OBI'OBOPEHH/A PE-
3YJIBTATIB.

ITpenMeToM HOCTIIKEHHs OYIM €MOKCU-
ypeTaHOBi KOMIIO3MIIil Ha OCHOBI IOii301]ia-
HaTy Mapku «Lupranat M 20S IsoPMDI 92140»

https://ucj.org.ua

(cymim isomepiB pudeninmeranpiizonianary
Ta OJIiITOMEPHMX CIONYK (MacoBa 4acTKa i3omi-
a”HaTHMX Ipyn — 30,0 %, rycTuHa - 1,2446 1/cM?),
enokcupuoi cmonu EJI-20 TOCT 10587-84
(BMicT emokcupHMxX rpyn 19,8 %; BMmicT rif-
POKCMIBHUX IPYII — 1,9%; Mn = 390), BogHOTO
pO3UMHY CWIiKaTy HaTpilo (CHTiKaTHUI MO-
Iy”nb 2,9-3,0; BigcoToK BinbHOI Bopu — 56,0 %).
EnokcuyperanoBa KOMIIO3U1jisd MiCTUTb KOM-
IIOHEHTM B €KBIBaJIEHTHOMY CIIiBBiJHOIIEH-
Hi. EnokcumyperanoBi KOMIO3MIIl roTyBanu
IUIAXOM IIepeMilllyBaHHA KOMIIOHEHTIB Ha
MAarHiTHIN Mimangi 3i msugkicrio 900 06/xB
ynponoBx 3 xB. [oToBi koMIt03u11ii 3a1MBann
y ¢opMy Ta OTBEpIPKYBaIM 3a TeMIlepaTy-
pu 20+2 °C 24 rop., a IOTIM 3a TeMIepaTypu
140 °C - 1 rop.

IToBepxHeBUIl HATAT BM3HAYa/IM METOJOM
JIEXKAa4Ol KpaIlli — BUMipIOBaIu KpailoBi KyTu
3MOYYBAaHHA €IOKCUYPETAHOBMMM KOMIIO-
3ULIsIMU TeIOHOBUX IUIACTMH i3 BiloMUM
IIOBEPXHEBMM HATATOM, BUKOPUCTOBYIOYM
ropu3oHTanbHMII Mikpockon MI. 3a gonomo-
roio 11dppoBoi KaMepy-oKy/IsApa OTPUMYBaIN
MIKPOCBITIMHM 5 Kpalle/lb IiC/IA NOCATHEHHA
HUMM PiBHOBaKHOI opMM, AKi B ITOJA/IBIIO-
My 006pOoO/IA/IN, 3aCTOCOBYIOUN IIPOTPaMy ML
06pobenHs 306paxeHp «Image]». 3HaYeHHS
KOHTaKTHMX KYTiB 3MOYYBaHHS O0YMCITIOBa-
IV, BUKOPUCTOBYIOUM anroputM Drop Snake,
peanisoBanmit B wiarini Drop Shape Analysis,
Ta PO3paxOByBa/y IOBEPXHEBI HATATU 3TiZHO
3 piBHAHHAM [8]:

0,=2 o_/(1+cos O).

HIna BusHaueHHA ryctunu EY Bukopucro-
ByBa/Iii METOJ TiIPOCTATUYHOTO 3Ba)KYBaHHA,
AKNI ITPYHTYEThCA Ha 3aKOHI ApXimepa Ta 1o-
JIAra€ y BU3HAY€HHI I'yCTUMHI TBEPAOTO Ti/la 3a
pesy/nbTaTaMiy JI0TO 3Ba)KyBaHHA Ha IOBITpi Ta
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B CEpeIOBMIII PiIVIHM 3 BiZTOMOIO TYCTUHOIO [9].
Jis nporo Bukopucramm Barum «Radwag WPS
60/18C:C/2» 3 BOyoBaHOIO (PYHKIIi€I0 aBTO-
MaTMYHOTO BM3HAYEHHA T'YCTMHM Ta i300KTaH
AK PiIMHY 3 BifoMOI0 TycTMHOI0. TouHICTb BK-
MipIOBaHHA Ha NOBiTpi ctaHOBUTH 0,0001 1, ¥
cepepoBui isookrany — 0,001 1.

B Temmneparypu Ha ¢isuko-XimiuHi
B/IaCTMBOCTI OTPMMAaHUX €MOKCUYPETAaHOBMX
KOMITO3/TIiB BMBYAIM 3a JOIOMOTOI METO-
IiB TepMmorpaBimerpuuHoro ananisy (TTA) i
nngepeHIiiiHOI CKaHYBaJIbHOI KalopuMeTpii
(JCK). Brpary Baru Ta Temieparypy Imovar-
Ky PO3K/IaZy BHU3Hada/myM Ha npwiagi «Q50
(TA Instruments», CIIIA. 3pasku mocmimxy-
Ba/li B TeMIlepaTypHOMY iHTepBai Bif 20 10
700° C 3i mBupjkicTio HarpiBanHa 20° C/xB B
armocdepi nositps. Termmogisnyni xapakre-
puctuky BusHadaau MerogoMm JICK i3 Buko-
puctaHHAM Kanopumerpa «TA Instruments
Q100» B aTMOcdepi a30Ty B TeMIIepaTypHOMY
intepsani Bif -50 mo 200 °C 3i mBUAKICTIO Ha-
rpiBy 20 rpag/xs. 3pasku macomw 0,01-0,015 r
IOMIiIllaM B a/lIOMiHIEB] KaICynay, AKi IMOTIM
repMEeTUYHO 3aKpuBaIn. [I1a mocmipKyBaHux
3pasKiB BMKOPMCTAHO PEXUM CKaHyBaHHA
«HarpiB — OXONMomKeHH». CepefyiHa eHfoTep-
MiYHOIO II€pPeXO/ly Ha KPUBill TeMIlepaTypHOI
3aJIEXKHOCTI TEIJIOEMHOCTI (CP) BifmoBimana
snayenHio T nonimepy.

Bunpo6yBaHHs Ha MIiIHICTb IIPY CTUCKAH-
Hi €IIOKCUYPETAHOBMX KOMIIO3UTIB Y BUITIAML
IVUTIHAPUYHUX 3paskiB 15 x 15 MM (miameTp
i BMcoTa BiIIOBITHO) OI[IHIOBA/IM 3a KiMHAT-
HOI TeMmIlepaTypy Ha YHiBepca/bHiil BUIIPO-
oyBanbHi MamuHi «TIRA test 2300» 3rigHo 3
ASTM D695-02 3i IBUAKICTIO KPOMKM TOJIOB-
Kn 1,3 MM / XB.

BuMiproBaHHA INOKa3HMKIB MIIJHOCTI Ha
3TUMH €NOKCUYPETAaHOBUX KOMIIO3UTIB 37Iili-
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cutopay 3a JJCTY EN 310. I Bunpo6yBaHb
BUKOPMCTOBYBa/IM 3pasKy posMipoM 150 MM X
20 MM X 5 MM.

Jl1s1 oiHKY BomomnorMHadu 3riqgno ASTM
D570 3paskm 3aHyproBalmuM y AUCTUIbOBaHY
BOJlY 3a KiMHATHOI TemIeparypu. Yepes nesHi
MIPOMDKKI 4acy BU3HA4Ya/IM CTYIiHb HaCMY€H-
H# BOJIOIO /IO JOCATHEHHA JI0r0 MaKCMMAJIbHO-
IO 3HaYE€HH: YIPOJOBX TPbOX MiCAIIiB.

@isn4Hi BIACTUBOCTI €NOKCUYPETaHOBUX
KOMIIO3UTIB 3a Pi3HMUX CIIiBBiJHOIIEHb KOM-
IIOHEHTIB HaBeneHO B Tabm. 1. 3MOYyBaNIbHY
3JaTHICTh KOMITIO3MIIN OIIHIOBaIM 3a Kpa-
JIOBMM KyTOM 3MOYYBAaHHS pPiIKMMM KOM-
nosuuismu EY tednonoBoi mmacturu. ITpn
36inpuenHi kinbkocti CH, ax BumHO 3 TabmI. 1,
CIIOCTEpiraay HeMiHiIHY 3MiHYy IIOBEPXHEBOTO
HATATY (Gp) EY xommosutiii, mo mMoxe 6yTu
HacmigkoM Ximiunux peakuin CH i3 6inbur
BJMCOKMM 3HAY€HHAM IIOBEPXHEBOIO HATATY
(67,81 mJIx/m,) [10].

[ycTuHa  HeOTBepAHEHMX  KOMIIO3MILii
(tTabm. 1) 36inbIIyeThCA 31 301BIIEHHAM BMicC-
Ty CH, a rycTrHa KOMIIO3UTIB 3MEHIIYETHCA
3a PaXyHOK IIOPOXXHMH, YTBOPEHNX IIpn $op-
myBaHnHi EV [7].

PesynbraTtn, orpumani metogom JICK, moka-
3YIOTb, I1]0 B LIMX CCTEMAX YiTKMX TeMIlepaTyp-
HIIX II€PEXO/IiB HEMAE, 110 MOXKE BKa3yBaTy Ha
JIOCUTD OHOPIZHY 1 >KOPCTKY CTPYKTYpYy [11].
Ha puc. 1 HaBefieHO TepMOrpaMu €MOKCUYpeTa-
HOBJX KOMIIO3UTIB 32 Pi3HOTO CIIiBBiTHOIIEHH
KOMIIOHEHTIB. SIK BU/IHO 3 PUCYHKa, iCHY€ Bifi-
MIHHICTb MDK IIE€PIIMM i IPYTUM HarpiBaHHAM,
10 IIOB’s3aHO 3 IIpOLleCaMyl BUJIiIEHHS 3B s-
3aHOI BOJIM Ta JOOTBEPAHEHHAM Y 3a3HaYEHNX
cucremax. e nminTBepmxyerbcsa metofom TTA
(puc. 2). Haiibinbire 38’s13aHOI BOAM B 3pa3Ky
EY-3 (puc. 1 - moma mif mikom), 110 3yMoBJIe-
HO Har6inpmm Bmictom CH.
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Puc. 1. ICK kpuBi enokcuypeTaHOBUX KOMIIO-
sutiB EY-1,EY-2,EVY-3:1, 2, 3 - nepiie HarpiBaHH4,
1/, 2/, 3/ — npyre HarpiBaHHA.

Ha puc. 2 HaBefgeHO KpUBI pO3K/IaJaHHA
HTT ta BTpatu Baru TT enokcuypeTaHis, aHa-
M3 AKUX TI0Ka3ye, 10 TePMOOKMUCIIOBa/TIbHA
mecTpykiis BimOyBaerbcs B Tpu crafil. Ha
IepILii cTafii po3KlajaHHa B iHTepBani 120-
200 °C cniocrepiratoTbcst He3HauHi (10 3,0 % )
BTpaTy Bary, BiflHECEHi O BTpaTu BOAM, Ha-
ABHOI B 3paskax EY. BimcoTok Barosux Brpar
(1,5; 1,4; 3,04 % nnsa 3paskis EV-1; EV-2; EY-3
BiIIOBiZIHO) 301/BLIYETbCA 3 MiABUIEHHAM
Bmicty CH (Tabm.1).

Taxox Ha kpuBux JITT cnocrepiraiorh 4it-
Ke BUJiNeHHA MiKy B iHTepBani 380-410 °C,
AKUN C/TiJ] BIIHECTU 10 po3majy isoujiaHypaT-
HUX CTPYKTYP, 11J0 BUHUKAIOTD y IPOIieCi CUH-
Te3y eNOKCUYpPETaHIB.

Tabmmus 1.

IToBepxHeBMIT HATAT Ta IYCTHHA KOCHiIKyBaHux EY xomnosuris

E . . I'yctuna,

IIOKCUYPETAaHOBI CIIONMYYHi Py IToBepXHeBMiT HATAT
3pasox Cromarn. mac. 9 EY xomnosnuin
A vac = HEOTBEp/IHEHi | OTBepIHEeHi o , MJbx/m?
my, | CH | E#-20 P

EY-1 90 10 20 1,2388 1,1583 44.25
EV-2 80 20 20 1,2451 1,1539 41.5
EV-3 70 30 20 1,2448 1,1528 43.49
HasBnictp ocTanmix migTBepmxyerbcsa Ty monekynu EY. [Tpudomy 3i 36inbienHAM

XapaKTepHUMU I i30LIiaHypaTHUX LMKIIIB
CMyraMy KONMBAaHHSA 3 4YacTOTol 1712 cm’
Ta OAVHUYHMM IikoMm mpm 1412 cm' y I4-
cnektpax EY [7]. Ha ijiit crapii cnocrepiratotb
YIOBIZIbHEHHSA PO3K/Ia/IaHHA €IOKCUYpPeTaHiB
(BTpara Barm ckiagae 12-14%), symoBieHe,
BOYEBM/Ib, HAABHICTIO TeTEPOLVKIIYHUX i30-
IiaHypaTHUX QparMeHTiB, AKMM IIpUTaMaHHa
BJ/IaCHA BMCOKA TEPMOCTIMKICTb.

Ha Tpertiit crapii B obnacti Temmeparyp
440-620 °C BimbyBaeTbcA TOfasblIe OKIIC-
JI0BaJIbHE PO3K/IAa/laHHA BYITIELIEBOTO CKeJle-

https://ucj.org.ua

BMicTy CH B enokcmypeTaHax MakcuMMajibHa
wBuaKicTh T 3cyBaeTbhcs B 6iK 3MEHIIEHHs
temrneparypu (505, 502, 478 °C mns 3paskis
EV-1, 2, 3 BignoBigHO). MeH1a BTpaTa Barn
spaska EY-3, mopiBHaHO 3i 3paskammu EVY-1,
2 (Tabm. 2), moB’s13aHa 3i 36i/IbIIIEHHAM Ki/lb-
KOCTi HEOPraHi4HOI CK/IaJIOBOI B €IIOKCUYpe-
TaHi, fIKa 3MEHIIy€E TEI/IOBE HaBaHTa)XeHHA
Ha opraHiuny marpuumwo (67,1; 64,9; 57,8 %
nns 3paskiB EY-1, EV-2, EY-3 BigmosigHo).
Ax BupHO 3 Tabm. 2, BenuuYMHA KOKCOBO-
ro 3a/JMIIKy, AKa XapaKTepU3ye KilbKiCTh
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JIETKUX MPOAYKTIB 3TOpaHHs, 30iMbIIYETHCA
3aJIeXKHO BiJl Ki/IbKOCTi HEOpPraHi4YHOI KOMIIO-
HeHTU B EV.

100 4

ATr—

ATr (I°C)

380-410

T T T T T T T T T T
0 100 200 300 400 500 600 o 700
T.°C
Puc. 2. Jlani TepMOrpaBiMeTpM4YHOrO aHasi3y
€IIOKCUYPETAHOBUX KOMIIO3UTIB

3a pesynbraTamu TTA BU3Hau€HO BaOX/IUBY
€KCIUIyaTalliliHy XapaKTE€PUCTUKY KOMIIO3M-
TiB — TEMIIEpATYpy MOYATKy AEeCTPYKIii, pos3-
paxoBany i 5% Brparu macu 3paska (T, ).
SIx BupHO (Tabm. 2), Temneparypa BTpatu 5%
Macy 3pa3Ka 3MeHIyeTbcA 3 294° C 1 3pas-
ka EY-1 go 190° C g 3paska EY-3.

[Tpm 36inbiienHi kinbkocti CH Temnepary-
pa [MOYaTKy pO3K/IaJjJaHHA 3CyBaeThbcsA Ha 20 °C
B CTOPOHY HIDKYMX TEMIIEPATyP, & MAKCUMY-
MM IIBUJKOCTI PO3K/IA[JaHHA CKIAJAI0Th 336,
341, 334°C pna spaskis EY-1, EV-2, EV-3 Bin-
TOBiTHO.

Orxe, pesynpTaT¥ IPOBENEHUX MOCIi-
IDKEHDb II0Ka3yloThb, 1110, 3MIHIOKOYM CIIBBIJ-
HOILIEHHA OpPraHiYHOI i HEOPraHiYHOI CKIaz0-
BuX B EY, MO>XHa perymoBaTy TepMOCTINIKICTh
eTIOKCUYPETaHOBUX KOMIIO3UTIB 3aJIeKHO Bif
IXHBOTO IIPM3HAYEHHS.

Tabmunsg 2.
JlaHi TepMOrpaBiMeTPMYHOIO aHAJi3y €MOKCIYyPeTaHOBIX KOMIIO3NUTiB
3 .. | InTepBan T-p, | Brpara Barmu, o o Koxcomit
pa3ok Craii o % T .°C TS%, C 3am/({)/1u01<,
0
lcTamis 140-200 1,5 155
EV-1 2 crafis 280-450 12,6 336 294 8,3
3 crafmisa 480-620 67,1 505
lcTamisa 120-180 1,4 147
EY-2 2 crafis 268-450 13,4 341 297 8,6
3 crapmis 461-620 64,9 502
lcTamisa 120-180 3,04 157
EVY-3 2 crafis 260-420 14,7 334 190 16,5
3 crapig 444-610 57,8 478
[TpoBemeHO  HOCTIIKEHHs MeXaHIYHUX BaHHI (puc. 3, 4). 3pasky MOKa3any BUCOKi Me-

B/IaCTUBOCTEI (MOMY/Ib MPY>KHOCTI, MiIJHICTD
Ta BiHOCHA ilepopMallist Ipyu CTUCKaHHI, Mill-
HicTp mpm 3ruHi 3a Temmeparypu 20+2 °C)
€IIOKCUYyPETAHOBMX KOMIIO3UTIB 3a7IEXKHO Bifl
BapiloBaHHA BMICTY OpPraHi4HOrO Ta Heopra-
HiYHOTO KOMIIOHEHTa IpM IXHbOMY (opMy-
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XaHiYHi BIaCTUMBOCTI He3a/le)KHO Bill Ki/IbKO-
CTi HeoprauiyHoi ckmagoBol. Mogynp npyx-
HOCTI, MiIIHICTh Ta BiTHOCHA [lepopMallis mpu
CTUCKaHHI IlepebyBalTh y Mexax 1916,4-
4187,6 MlIa, 117,4-133,1 Mlla ta 24,7-30,4 %
BigmoBiTHO.
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31 306implIeHHSAM BMICTy HeEOpPraHiqYHOI
ckmagoBol B EY 3HaueHHA MIITHOCTI IIpy CTHUC-
KaHHi (puc. 3 a) icTOTHO He 3MiHIOETHCS, TIPO-
T€ MOAYIb IPY>XKHOCTI, KU XapaKTepUsye
JKOPCTKICTb KOMITO3M1]ii, 3HAYHO 3MEHIIYETh-
cs1, SIK TIOKa3aHo Ha puc. 3 0, 0 CyIepeYnTh
TiTepaTypHMUM JaHUM.

[IpyymHa MOXKe MOnATaTH y 3MiHi KiJIbKO-
cti CH, mo BIrmmBae sIK Ha JIOro B3a€EMOJIIIO 3
ITIL] Ta B3aeMOAil0 MiXX KOMIIOHEHTAMM Op-
ranivynoi ckmagosoi (ITIIT i EII-20), Tak i Ha
HIBUAKICTD peakiii yrBopeHHA EY Ta moBHOTY
ii 3aBepiueHHA. lle MOXXe CIpuATH YTBOPEHHIO
JIOATKOBMX XiMiYHMX Ta (i3sVMYHMX 3B SI3KiB
MK KomnoHeHTamu EY, 1o BImMBae Ha 110ro
MeXaHi4Hi BTaCTUBOCTI.

140 4
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\‘ 2- 80720420 R
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Puc. 3. MinnicTp npu cTuckanHi (a), MOZyIb
HPY>KHOCTI IpM CTUCKaHHI Ta BifHOCHa gmedop-
Mallisi (6) emokcuypeTaHis.
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Ina MigTBEPIKEHHA IHOTO IPOBOAVIIN
DOCTIPKEHHA BIUIMBY OJHI€I 3 KOMIIOHEHT EY
(CH a6o EJI-20) Ha y10ro MexaHi4yHi B/IacTu-
BOCTi (Ha IpMK/IAZli €MOKCUYpeTaHy CKIamy
I[TIL1/CH/E1-20=80/20/20) (puc. 3, a). AHa-
73 TIOKa3aB 3HAayHE IIOTipIIEHHA MeXaHiy-
HJX BJIACTMBOCTEN MOJE/IbHUX KOMIIO3UTIB.
[TpoBepneHi panime gocimkeHHs GopMyBaH-
HA €IOKCUMYPETAaHOBOTO KOMIIO3MTa IIOKa3a-
mm [7], o cTyIeHi nepeTBOPeHHA i30IjiaHaT-
HUX Ta enoKcugHux rpyn y cucremi I1IL/CH/
EJI-20 Bu4epmyrTbCA 3HAYHO UIBMAILIE, Ha
BigMiHy Bif mopenpHux cuctem IIII/CH Ta
ITIL/EN-20, mo BIIuBae Ha CTPYKTYPY KOM-
IIO3UTIB i, AK BUAHO 3 pUC. 3, HAa IXHi MeXaHi4Hi
B/IACTUBOCTI.

JIOCTTiIPKEHHA ~ eIIOKCUYPETAaHOBUX KOM-
MO3UTIB Ha MilHICTh TpM 3ruHaHHi (puc. 4)
IIOKa3aay, IO HAVBUINVMMM IOKa3HUKAMMU
Xapakrepusyerbcsa EVY-2, mnanHmwxunMm —
EY-1.

AHani3 pesynbTaTiB NPOBENEHUX MOCIIi-
IPKEeHb 3 BMBYEHH:A BIMBY KinbkocTi CH Ha
BojomiorimHaHHAa EY KoMIo3mTiB mokasas,
110 BOHM JIOCATAIOTb MaKCHMAa/JIbHOTO CTY-
IleHs. HaCMYeHHs BOJOI0 IPMOIN3HO dYepes
2 000 ropwH, AKUI MiABUIIYEThCA 3 IiIBMU-
meHHAM BMicTy CH, 1mo Mo)XxHa HOACHUTU
6inpi fedekTHOIO CTPyKTyporo EY-3 mopis-
HAHO 3 EY-1, EY-2. BoueBupp, EV-1 xapak-
TepU3y€eTbCs OIMBUIM CTYIeHeM KOHBepcii
NCO-rpyn y mporueci TBepgHeHHs, TOOTO
6i/1b1I0I0 3aBEpIICHICTIO XIMIYHUX PeaKLil i,
AK pe3y/nbTaT, OiIbIIO TycTHHOWO (Tabm. 1).
To6T0 3pocTanus Bmicty CH 3meHmIye ryc-
TUHY KomnosutiB y pamy EV-1 > EV-2 >
EY-3 =1,1583 > 1,1539 > 1,1528 r/c™?, 10, B
KiHIIEBOMY IiJJCYMKY, IPU3BOJUTD /IO Mi/IBN-
IIeHHA 3[JaTHOCTI MOJIEKY/I BOAY IIPOHUKATU
BITINO KOMIIO3UTY.
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Puc. 5. BopmonornnHanHsa €noKCUMypeTaHOBUX
KOMIIO3UTIB .

BVMICHOBKMW. TakuM 4mHOM, HOCTigKeH-
Hs IIOKa3ajy, 110 OTPUMaHi eOKCUYpPeTaHO-
Bi KOMIIO3UTY MalOTh OZHOPIJHY i >KOPCTKY
CTPYKTYpY, a IiJBUIIEHHA BMICTYy CHJIKaTy
HaTpil0 B IXHbBOMY CKJIaJji IIPUCKOPIOE IIPOLIEC
TepMIiYHOI JieCTPYKILil, IJ0 TTOB’sI3aHO 3 0CO0-
NMUBOCTAMM CTPYKTYPOYTBOPEHHS €IOKCHU-
yperaHoBux kommosutiB. EY crabimpai mo
400 °C, mo 3yMOBJIEHO HAsBHICTIO B IXHill
CTPYKTYPi TeTepONMKIIYHUX i301iaHypaTHUX
¢dbparmeHTiB, sKi 61/1b1I CTiVIKi, HDK ypeTaHOBI.
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I[Ipu 36inpienHi kinpkocti CH B EV cro-
CTepiraeTbcsA MiIBUIIEHHA BOJOIOITIMHAHHA,
IO € JOJATKOBUM IiJTBEP/>KEHHAM 3MEH-
HIEHHS TYCTUHU VX KOMIIO3UTIB.

Orxe, IIIAXOM PETyITIOBaHHA CIIiBBiJJHO-
LIEHHAM OPraHiYHOro i HEOPraHiYHOTO KOM-
ITIOHEHTIB MOYKHA OTPUMATH €IIOKCUYPEeTaHOB1
KOMITO3UTY 3 HeoOXigHumy ¢isnKo-MexaHiu-
HYMM [TOKa3HMKaMM JJIs1 IPaKTUYHOTO 3aCTO-
CyBaHHA.

TEMNNO®UINYECKUE N DUSNKO-MEXAHU-
YECKUE XAPAKTEPUCTWKW 3MOKCUYPETA-

HOBbIX KOMNO3UTOB

/1. H. Awenxo, H. B. fIposas, /1. A. Boponuo-
éa, O. B. ba6uu, O. H. Iop6amenxo,
A. A. bpoeko

Mucmumym xumuu 6v6.cOKOMONEKYNAPHBLX
coeounenuit HAH Ykpaunvi, Xapvkosckoe
uiocce, 48, Kues, 02160, Yxpauna

e-mail: lara.yashchenko@gmail. com

PaspaboTaHbl emoKcHMypeTaHOBbIE KOMIIO-
suthl (9Y) Ha OCHOBe MOIMKU3OLIMAHATA
(ITNII), smokcupmuoit cmonbl (II-20) u cu-
mukata Hatpus (CH). PesynpraTsl Temmodu-
3MYECKMX MCC/IENOBAHMIT IIOKA3a/lIN, YTO IIO-
nmydeHHble DY UMEIT OTHOPOAHYIO M JKeCT-
KYI0 CTPYKTYpY, @ IOBBILIEHVE COIEpKaHVA
CWIMKAaTa HaTpus B MX COCTaBe YCKOpseT
IpoIecC TepMMYECKON [IeCTPYKLNMU, OFHAKO
oHu crabunpubl 1o 400 °C, 4To 0b6ycmoBie-
HO Ha/IM4MeM B UX CTPYKType reTepOIVIK/IN-
YeCKMX WU3OLMAHYpaTHUX (ParMeHToB, KO-
TOpBle 0OJIee YCTONYMBBI, YeM ypeTaHOBBIE.
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Omnpepenenbl MexaHM4eckue cBoiicTBa EY,
TaKle KaK IPOYHOCTb IIPU CKATUM, MOIY/Ib
YIPYTOCTM M OTHOCUTeNbHasA pAedopMalyus
IpY CKATUY, IPOYHOCTD IIPY U3rnbe 1 BOf0-
IIOI/IOIEHVE B 3aBMCUMOCTM OT COOTHOLIE-
HIS1 KOMIIOHEHTOB. Pe3y/bTaThl IpoBeeHHbIX
VICCTIEIOBAaHMII IIOKa3bIBAIOT, 4TO, M3MEHAA
COOTHOUIEHME OPraHMYecKol M HeopraHu-
YEeCKOJl COCTAB/IAKIMX B JY, MOXKHO pery-
TMPOBaThb TEPMOCTOMKOCTb ¥ MeXaHUYeCcKue
CBOJICTBA 3IOKCUYPETAHOBBIX KOMIIO3UTOB B
COOTBETCTBUY C X Ha3HAYEHNEM.

KnroueBble cmoBa: SIOKCHYpeTaHOBbIE
KOMITO3UTBI, IUIOTHOCTD, TEIIOpU3NIeCKue
CBOJICTBA, MeXaHNYeCKMEe XapaKTe€PUCTUKMU,
BOJIOTIOIIOIEHME.

THERMOPHYSICAL AND PHYSICO-MECHANI-

CAL CHARACTERISTICS OF EPOXYURETHANE
COMPOSITES

L. M. Yashchenko, N. V. Iarova, L. O. Voron-
zova, O.V. Babich, O. M. Gorbatenko,
O. O. Brovko

Institute of Macromolecular Chemistry of
the NAS of Ukraine, Kyiv Kharkivske shoce, 48,
02160 Kyiv;

e-mail:lara.yashchenko@gmail.com

Epoxy urethane composites (EU) have been
developed based on polyisocyanate (PIC),
epoxy resin (ED-20), and sodium silicate
(SS). The results of the study of the influence
of the ratio of the components of the EU on
their thermophysical and physicomechanical

https://ucj.org.ua

characteristics are presented. The method of
differential scanning calorimetry revealed that
these systems do not have clear temperature
transitions, which indicates a fairly homoge-
neous and rigid structure. Studies of thermal
properties by the method of dynamic thermo-
gravimetry have shown that as the amount of
sodium silicate increases, the temperature of
the onset of decomposition of the EU is shifted
by 20 ° C towards lower temperatures.

At the same time, there is a slowdown in the
decomposition of epoxy urethanes (weight loss
is 12-14%), due to the presence of heterocyclic
isocyanurate fragments, which is inherent in
its own high thermal stability. The mechani-
cal properties of the EU, such as compressive
strength, modulus of elasticity, relative com-
pression deformation, flexural strength, and
water absorption, are determined depending
on the ratio of components. High mechanical
properties are shown regardless of the inorgan-
ic component amount. The modulus of elastic-
ity, strength, and relative deformation in com-
pression is in the range of 1916.4 - 4187.6 MPa,
117.4 - 133.1 MPa, and 24.7-30.4%, respective-
ly. The highest flexural strengths are charac-
terized by the EC composition of the PIC /
SS / ED-20 = 80/20/20, and the lowest - the
EC composition of the PIC / SS / ED-20 =
70/30/20. The results of the studies show that,
by changing the ratio of organic and inorganic
constituents in the EC, it is possible to regulate
the thermal stability and physicomechanical
properties of epoxy urethane composites de-
pending on their purpose.

Key words: epoxy urethane composites,
density, thermophysical properties, mechani-
cal characteristics, water absorption.
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