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Abstract. The article presents the results of a thermogravimetric study on the influence of manganese
content (0.01-0.5 wt.%) on the kinetics and energetic parameters of the oxidation process of Zn15Al
alloy in the solid state at temperatures of 523—623 K. It was found that the addition of manganese leads
to an increase in the true oxidation rate and a decrease in the apparent activation energy of the process.
Polynomial dependencies of mass gain on time were determined, and regression coefficients were
calculated. The results indicate the catalytic role of manganese in the oxidation process and its effect

on the formation mechanism of the oxide film.
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Oxuciienue ciiiaa ZnlSAl, JierupoBaHHOT0 MapraHuem

M. M. MyxuaunoBa, ®. A. Paxum3sona, 3. P. O6ugoB
Hayuonanvnas akademus nayk Tadscuxucmana

Pecnyonuxa Tadoxcuxkucman, /[ywanoe

Vhusepcumem unnosayuu u yugposwvix mexunonozui Tadsxcukucmana
Pecnyonuxa Tadorcuxucman, Kynab

AHHOTanMsA. B cTarhe mprBeneHBI pe3ynbTaThl TEPMOTPABUMETPHUIECKOT'O NCCIIEIOBAHUS BIUSHUS
conepxkanus mapranna (0,01-0,5 mac.%) Ha KHHETHKY W SHEPreTHUYECKHEe ITapaMeTphl Ipouecca
okucIiieHus ciiaBa Znl5Al1 B TBEpIOM cocTOSIHIH MpHU TemrepaTypax 523—623 K. YcraHoBeHO, 4TO
BBEJICHHE MapraHiia IPUBOJANT K YBEITMUECHUIO HICTHHHOM CKOPOCTH OKUCIIEHHSI M CHIDKEHHIO KaXKy1eics
SHEPTHH aKTUBAIUHU npouecca. OmpeneaeHbl NOIUHOMHUAIBHBIE 3aBUCHUMOCTH MaCcCONPUPAIICHHUS
OT BPEMEHHM U paccuuTaHbl ko3 duiuenTs! perpeccun. IlomrydeHHbIC pe3yabTaThl CBUICTEIBCTBYIOT
0 KaTaJIMTUYECKOH POJIM MapraHiia B [polLecce OKUCICHUS U U3MEHEHUHU XapakTepa o0pa3oBaHus

OKCHUJITHOH IJIEHKH.

Karouesrble cioBa: criaB Znl5Al, nerupoBanue, Maprasel], KHHCTHYCCKUE U YHEPTCTHICCKUE

napaMeTpbl, OKUCJICHUEC CIIJIaBOB.

Iutupoanue: Myxuannosa M. M., Paxumzona ®. A., O6unos 3. P. Oxucienue cruiaBa ZnlSAl, nerupoBaHHOr0 MapraHiem.
Kypn. Cub. penep. yn-ta. Xumus, 2026, 19(3). C. 458—466. EDN: TISHXV

Introduction

Zinc—aluminum alloys are well known for their high corrosion resistance and favorable mechanical
properties, which make them highly promising materials for both structural and anticorrosion applications
[1-4]. The performance and durability of these alloys can be further enhanced by the addition of alloying
elements, which modify their microstructure and surface characteristics. Among such alloying elements,
manganese has attracted particular attention due to its ability to influence oxidation processes, improve
the formation and protective properties of oxide films, and potentially accelerate the passivation of the
alloy surface [5-14].

Understanding the kinetics and energetics of oxidation in these alloys is crucial for predicting
their long-term behavior under service conditions and for optimizing their composition for specific
applications [15-18]. Despite numerous studies on Zn—Al alloys, the effect of small manganese
additions (0.01-0.5 wt.%) on the oxidation behavior in the solid state remains insufficiently explored
[19-21].

The aim of the present study is to systematically investigate the influence of manganese content
on the kinetic and energetic parameters of the oxidation process of Znl5Al alloy in the solid state at
elevated temperatures (523—623 K) [22-25]. The study focuses on analyzing the true oxidation rate,
apparent activation energy, and mass gain behavior over time, providing insights into the catalytic role

of manganese and its effect on the formation mechanism of oxide films.
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Materials and Methods

For the study of the oxidation kinetics of alloys, the following materials were used as starting
materials: Zn of grade CP (GOST: 24231-80), Al of grade A7 (GOST: 11069-2001), and Mn of grade
CP (GOST: 4459-78). Rods with a diameter of 8 mm and a length of 140 mm were cast from each melt
into a graphite mold. The change in weight was recorded using a CM-8 cathetometer by stretching the
spring. During the experiment, crucibles made of aluminum oxide, with a height of 20-30 mm and a
diameter of 17-19 mm, were used. Before the experiment, the crucibles were calcined to a constant
weight in an oxidative atmosphere at a temperature of 1000—-1200 °C. To measure temperature, a
platinum-platinum rhodium thermocouple was used, with its hot end touching the surface of the
investigated alloy. The thermocouple was placed in a sheath made of aluminum oxide. To maintain
the specified temperature with an accuracy of £2 °C, the furnace load was regulated by a thyristor.
APP-63 potentiometer was used to register the temperature [26—28]. After the experiment, the system
was cooled, and the reactive surface was determined by weighing the crucible with its contents. Then,
the oxide film formed on the sample’s surface was removed, and its structure was studied using X-ray

phase analysis [29].

Results and Discussion

To study the effect of manganese content on the oxidation process of the Zn15A1 alloy, isothermal
thermogravimetric experiments were carried out at temperatures of 523, 573, and 623 K. Based on the
obtained data, the true oxidation rate and the apparent activation energy were determined for various
manganese concentrations (0—0.5 wt.%) (Table 1).

The true oxidation rate (K:10%, kg/m?'s) increases with increasing manganese content and

temperature. For example, at 623 K, the oxidation rate of the pure alloy (0.0 wt.%) is 2.36:10~* kg/m?-s,

Table 1. Kinetic and energetic parameters of the oxidation process of the Zn15Al alloy with manganese, in the
solid state

The true oxidation rate Effective activation
Content Mn Temperature K10% Sheroy
. 0 . 3 9 b
in the Zn15A1 alloy, wt% of oxidation, K ke/m’-s KJ/mol
523 1.87
0.0 573 2.05 138.8
623 2.36
523 2.07
0.01 573 2.33 131.5
623 2.52
523 2.18
0.05 573 2.40 1277
623 2.58
523 2.24
0.1 573 2.53 123.6
623 2.76
523 2.38
0.5 573 2.67 120.3
623 2.89
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whereas that of the alloy containing 0.5 wt.% manganese is 2.89-10™* kg/m?s. This indicates the
catalytic effect of manganese on the oxidation process.

The apparent activation energy decreases with increasing manganese content. For the pure alloy,
the activation energy is 138.8 kJ/mol, while for the alloy containing 0.5 wt.% manganese it is 120.3
kJ/mol. The decrease in activation energy confirms that manganese facilitates the oxygen diffusion
process and accelerates the formation of the oxide layer.

Temperature dependence: an increase in temperature leads to an increase in the oxidation rate for
all samples, which corresponds to the classical thermodynamic arrhenius relationship.

Thus, the experimental data show that the addition of manganese to the Zn15Al alloy not only
accelerates oxidation but also alters the energetic parameters of the process, promoting the formation
of a more stable and protective oxide film.

Kinetic oxidation curves of the Zn15Al alloy with various manganese contents (0.01-0.5 wt.%)
were plotted based on thermogravimetric data at temperatures of 523—623 K. Fig. 1 shows examples of
the curves for alloys containing 0.01 wt.% manganese. The curves represent the dependence of mass
gain on time during isothermal oxidation.

Increase in oxidation rate with the addition of manganese. Comparison of the curves for pure
Znl5Al1 and the alloy with 0.01 wt.% manganese shows that even small amounts of manganese
accelerate the oxidation process. This confirms the catalytic role of manganese in the formation of the
oxide film.

With increasing temperature, the oxidation rate rises, which corresponds to thermodynamic
principles and reflects the decrease in activation energy upon manganese alloying. The effect of
manganese on the oxidation process of Znl5Al serves as the basis for calculating the true oxidation
rate and the apparent activation energy.

For the analysis of the oxidation kinetics of the Zn15Al alloy with added manganese, quadratic
curves of mass gain versus time were plotted. Fig. 2 shows examples of such curves for the alloy
containing 0.01 wt.% manganese.

The quadratic curves indicate an acceleration of the process at the initial stages of oxidation, after
which the rate of mass gain gradually decreases. This is due to the formation of a dense protective

oxide layer on the alloy surface.

g 10, wri? g/s 107, kriw?
‘ —623 K
: ; 63K
* 573K
STAK 8 v )
523K
SR
’ 6
4 a) . b)
1 "
’ ° ) ) y ! o
b 10 20 30 "N 0 10 20 30 40 M=

Fig. 1. Kinetic oxidation curves of the Zn15Al alloy (a) with manganese, wt.%: 0.01 (b)
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Fig. 2. Quadratic oxidation curves of the Zn15Al alloy (a) with manganese, wt.%: 0.01 (b)

Regression indicators. The quadratic approximation allows for the determination of regression
coefficients that show a high correlation with the experimental data (R*> > 0.98), confirming the
accuracy of the chosen model for describing the oxidation kinetics.

For a quantitative description of the oxidation kinetics of the Zn15A1 alloy with varying manganese
contents (0—0.5 wt.%), polynomial approximations of the mass gain versus time were constructed at
temperatures of 523, 573, and 623 K. The results are presented in Table 2.

For all samples, cubic polynomials of the following form were used:
y = ax® + bxA = bx3,

where y is the mass gain, x is time, and a, b, ¢ are coefficients determined by the least squares
method.

The regression coefficients range from 0.985 to 0.995, indicating a high accuracy of the
approximation and a good agreement of the polynomial model with the experimental data.

With increasing manganese content, the coefficient of the linear term of the polynomial increases,
which corresponds to a higher oxidation rate of the alloy. At the same time, the values of the a and b
terms decrease, reflecting changes in the oxidation kinetics and a slowdown in the stabilization stages
of the oxide layer.

Polynomial approximation allows for a quantitative description of the oxidation dynamics of the
Znl5Al alloy, reveals the effect of manganese on the oxidation rate, and determines the parameters
characterizing the formation of the oxide film in the solid state.

To study the effect of manganese on the oxidation process of the Znl5Al alloy, isochronal
experiments were carried out at a temperature of 523 K. The isochronal curves show the dependence
of mass gain on time, allowing for the assessment of the oxidation kinetics and the determination of
the role of the alloying addition Fig 3.

Analysis of the results showed that the addition of manganese (0.01-0.5 wt.%) leads to an increase
in the oxidation rate of the alloy. The oxidation occurs in several stages: a rapid initial phase of oxide
layer formation, followed by a slower stage of film stabilization. With increasing manganese content,
a more uniform growth of the oxide layer is observed, indicating the catalytic effect of manganese on

the oxidation process.
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Table 2. Polynomials of the oxidation curves of the Zn15Al alloy with manganese, in the solid state

Manganese content Oxidation . . Regression
. Quadratic polynomials .
in the Zn1>Al alloy, temperature, of the kinetic oxidation curves of the alloys coefficient,
Wt%. K Y R2, %
523 y =-0,510""x3-1,2:102x> + 0,591x 0,992
0.0 573 y =-0,5107x3-1,5-102x? + 0,694x 0,995
623 y=-10,510"%x3-2,4-102x? + 0,8 74x 0,994
523 y=-0,510"%3-2,3-102x2 + 0,728x 0,985
0.01 573 y=-0,51073%x3-2,7-102x2 + 0,877x 0,992
623 y=-0,510"'x3-3,8-102x2 + 1,181x 0,993
523 y =-0,510"2x3-2,6-10"2x? + 0,695x 0,987
0.05 573 y =-10,510"4x*-2,4:10"2x2 + 0,785x 0,991
623 y=-0,510"%%°-3,8-1072x2 + 1,084x 0,992
523 y=-0,510"'x3-1,7-102x2 + 0,773x 0,988
0.1 573 y=-0,510"2x3-3,6:102x2 + 1,021x 0,992
623 y=-0,510"x3-4,7102x> + 1,112x 0,994
523 y=-0,510"%x3-2,1-102x2 + 0,768x 0,990
0.5 573 y =-0,5107x-3,8-1072x> + 1,087x 0,993
623 y =-0,510"%x3-6,2:102x> + 1,390x 0,995
gls=107 Q,
kJ/mol
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- 2-20min 2
e+ B
1-10min 1
= S L P
= — . - 120
I~ =
= _J 1 I I I I
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Fig. 3. Isochronal oxidation of the Zn-15Al alloy with manganese at 523 K

Comparison with the pure Znl15Al alloy without manganese showed that the mass gain in the
alloyed samples is higher, and the formation of the oxide film is more stable. The results allow us to
conclude that manganese has a significant effect on the oxidation kinetics and the nature of protective
oxide film formation in the solid state.

To assess the thermal effect on the oxidation rate of the Zn15Al alloy with varying manganese
contents (0.01-0.5 wt.%), plots of log K versus the reciprocal temperature 1/T were constructed Fig 4.

Analysis showed that all the log K versus 1/T curves are practically linear, confirming the
applicability of the Arrhenius equation for calculating the apparent activation energy of the oxidation

process. With increasing manganese content, the curves shift upward, indicating an increase in the true
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Fig. 4. Dependence of log K on 1/T for the Zn-15A1 alloy: pure alloy (1) and manganese-alloyed, wt.%: 0.01 (2);
0.05 (3); 0.1 (4); 0.5 (5)

oxidation rate. The decrease in the slope of the lines with increasing manganese content indicates a
reduction in the apparent activation energy, confirming the catalytic role of manganese in the oxidation

process.

Conclusion

The study demonstrates that manganese additions (0—0.5 wt.%) significantly affect the oxidation
process of the Zn-15Al alloy. Increasing manganese content accelerates the oxidation rate and reduces
the apparent activation energy, indicating a catalytic effect on oxide layer formation. Kinetic analysis
reveals S-shaped curves with a rapid initial oxidation phase followed by a slowdown, and polynomial
approximations accurately describe the mass gain over time (R?>0.98). An increase in temperature further
enhances the oxidation rate, consistent with the Arrhenius equation. Overall, manganese promotes the

formation of a more uniform and protective oxide layer, improving the corrosion resistance of the alloy.
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Abstract. The implementation of autoclave hydrometallurgical technologies for processing platinum
group metal feedstocks in hydrochloric acid media is hindered by the high corrosive aggressiveness of
the working solutions, typically hydrochloric or nitric acids, at elevated temperatures and pressures.
In this study, the dissolution behavior of titanium and platinum plates, as well as synthesized platinum
black, was investigated in hydrochloric acid solutions with hydrogen peroxide added as a precursor to
gaseous oxygen. The experiments were conducted in laboratory-scale quartz autoclaves at temperatures
ranging from 90 to 200 °C. Under autoclave conditions with an applied excess oxygen pressure, titanium
exhibits high stability at HCI concentrations < 3 M and temperatures < 160 °C, demonstrating a mass
loss of less than 0.1 % over 360 minutes. It was found that the presence of platinum ions in solution
inhibits titanium corrosion, which opens up prospects for its application as a structural material in PGM
refining equipment. Under autoclave conditions, platinum dissolution reaches 20 % within 30 minutes
at 100 °C in a 6 M HCI solution containing H,O,, while at 160 °C, over 90 % of the platinum dissolves
within the same time period. For platinum black, a 30 % dissolution extent is achieved within 30 minutes

at 110 °C in a 3 M hydrochloric acid solution under oxidizing conditions.
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titanium, passivation.
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IToBenenne MeTaUIMYECKNX THTAHA U IJIATHHBI

B COJISTHOKMCJ/IBIX pacTBOpax B aBTOKJIaB€

P.B. Bopucos® %, O.B. Besoycos™ ®,

A.M: Ku:kaes?, A. A. AkuMmenko?, A. A. IllymkoBa®
Uncmumym xumuu u xumuyeckou mexronoeuu CO PAH
QUL «Kpacnospckuil nayunsii yenmp CO PAH»
Poccuiickas ®edepayus, Kpacnosapck

®Cubupckuil hedepanvhbiii ynueepcumem

Poccuiickas ®edepayus, Kpacnosapck

AnHoOTaums1. BHepeHne aBTOKIaBHBIX TEXHOJIOTHH THPOMETAIIITY PrHUeCKON TepepabOTKH ChIPhs
METaJJIOB IUIATHHOBOM T'PYIIIBI B COMISTHOKUCIBIX CPelaxX CACPKUBACTCSA BBICOKON KOPPO3HOHHOMN
arpecCUBHOCTHIO pabOYUX PACcCTBOPOB, KaK IIPaBHJIO, COJISTHOKUCIBIX MW a30THOKHCIIBIX, ITPH
MOBBIIICHHBIX TEMIIEpaTypax U JaBjeHuu. B HacTosiei paboTe ucciieqoBaHa pacCTBOPUMOCTD
THTAHOBBIX U TUIATHHOBBIX TUIACTHH ¥ CHHTE3WPOBAHHOM MJIATHHOBOM YEPHH B PACTBOPAX COJISTHOM
KHUCJIOTBI ¢ J0OABKaMU MEPOKCHIa BOJOPO/A B Ka4eCTBE IIPEKypcopa raz000pa3Horo KUCI0poa.
OKCTIEpUMEHTHI BBITIOJTHSUIHCH B JJAOOPaTOPHBIX KBapIEBBIX aBTOKJIAaBax Mmpu teMieparypax 90-200 °C.
[Tpu konnenrpaunn HCI <3 M u Temneparypax < 160 °C B aBTOKJIaBHBIX YCIIOBHSIX C CO3JaHHEM
N30BITOYHOTO JABJICHNUS KHCIOPOAA TUTAH JIEMOHCTPUPYET BEICOKYIO YCTOMYMBOCTD: MAacCOBasi HOTEPs
cocrasysiet MeHee 0.1 % 3a 360 MuryT. OOHAPYIKEHO, YTO HAJTMYUE HOHOB TJIATHHBI B PACTBOPE 3aMEJISIET
KOPPO3HIO TUTaHA, YTO OTKPBIBAET BO3MOKHOCTH €TI0 UCIIOIb30BAHNS B KAY€CTBE KOHCTPYKIIMOHHOTO
Martepua’a juisi o0opyaoBaHus apGprUHANKHBIX IIPOU3BOJCTB. B aBTOKIJIABHBIX YCIOBHSIX MPOLIECC
pacTBopeHHs IIaTHHBI TpoucxoauT Ha 20 % 3a 30 MunyT yxe npu temneparype 100 °C B 6 M pactBope
HCI ¢ no6asnenunem H,0,, a mpu 160 °C 3a T0 ke BpeMs B pacTBOp nepexoaut o6osee 90 % miaTHHBL
B cnyuae nnatunoBoit uepuu 30 % pactBopenue gocruraercs 3a 30 munyT npu 110 °C B 3M pactBope

COJITHOM KHMCIIOTHI B OKUCIUTEIBHON Cpefe.

KuroueBble ¢JIoBa: aBTOKJIaBHOE BBIIICIAYUBAHUE, IIJIaTHUHA, COJIAHAA KHUCJI0Ta, OKUCIUTECIBbHBIC CPEbI,

KOppO3HOHHAaA CTOﬁKOCTL, THUTaH, MaCcCuBalus.

— 468 —



Journal of Siberian Federal University. Chemistry 2026 19(3): 467-476

BaaromapHocTs. VccneqoBanue BRIOIHEHO B paMKax npoekta Poccuiickoro HayyHoro ¢oumaa 25-29—
00159. B paboTe ucnonp3oBaiu obopynoBanre KpacHOSIPCKOTo perHoHaIFHOTO EHTPa KOJUIEKTUBHOTO
nonb3oBanust UL KHI[ CO PAH.

IuTtuposanue: bopucos P.B., benoycos O.B., XKuxaes A. M., Akumenko A. A., lllymkosa A. A. [ToBenieHre METaIIMYECKUX
THTaHa U MJATHHBI B COJITHOKHUCIBIX pacTBopax B aBTokaase. JKypH. Cub. ¢penep. yu-ra. Xumus, 2026, 19(3). C. 467-476.
EDN: TBDUQE

Introduction

Currently, autoclave processes are widely employed in various sectors of the mining and
metallurgical industry in Russia and abroad. Equipment operating under elevated pressure is actively
used in the processing of aluminum, zinc, and nickel feedstocks, as well as refractory gold-bearing
ores [1-6]. Compared to technologies based on open-system processing, autoclave decomposition
offers environmental safety, efficient reagent utilization, and the potential for substantial intensification
of ongoing reactions. Unlike conventional refining methods based on dissolution in aqua regia or
liquid-phase chlorination, autoclave technologies eliminate the release of toxic gases by employing
oxygen as the primary oxidant.

Presently, demand for platinum group metals (PGMs) is increasing, while the limited availability
of primary sources and the high cost of raw materials create a favorable economic basis for developing
efficient processes for their recovery from secondary feedstocks. Secondary materials submitted
for processing are characterized by complex chemical compositions and high refractoriness [7—13].
Conducting hydrometallurgical processes in closed systems at temperatures up to 200 °C is particularly
relevant for PGM refining, where difficulties often arise in decomposing concentrates of rare platinum
metals or complex secondary feedstocks [7, 8].

Processes for secondary feedstock processing frequently require operation in mineral acid solutions
in the presence of strong oxidants at temperatures exceeding the solvent boiling point. Such conditions
impose stringent requirements on the corrosion resistance of structural materials [14, 15]. For operation
in acidic oxidizing media, titanium and tantalum are most suitable due to their ability to undergo surface
passivation. Despite its excellent corrosion resistance attributed to the passivating Ta,Os film, tantalum
has the disadvantage of high cost. In contrast, titanium is the most widely used material in the Russian
PGM refining industry, combining satisfactory stability in oxidizing media with high mechanical strength
and wear resistance [16]. Nevertheless, the corrosion resistance of pure titanium is insufficient for long-
term operation in highly aggressive media. Corrosion rates can be reduced by alloying titanium with
additions of zirconium, vanadium, niobium, tantalum, molybdenum, or tungsten [17-20], or with noble
metals (Pt, Pd, Rh, Ru), which enhance resistance through anodic polarization and cathodic modification
effects [21]. For instance, studies [22, 23] have substantiated the prospects of using ruthenium — the
most accessible PGM — for titanium modification. Another approach to improving titanium stability
involves introducing oxidants (HNO;, K,Cr,07, KMnO,, KCI10;, NaClO,, Cl,, H,0,, etc.) [14, 17] or
complex ions of non-ferrous and noble metals, which exert a passivating effect in hydrochloric and
sulfuric acid solutions [18, 20].

Accordingly, the objective of this study was a comparative investigation of the behavior of titanium

as a structural material and platinum as a model metal for PGM refining under autoclave conditions
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(100-160 °C) in hydrochloric acid solutions under excess oxygen pressure generated by hydrogen

peroxide decomposition.

Materials and Methods

The following reagents were used in this study: hydrochloric acid, grade os. ch. 20—4 (GOST
14261-77); H,O, (GOST 177-88); acetone (GOST 2603-79); H:PtClsH20 (produced by OJSC
“Krastsvetmet”); and deionized water prepared using a Millipore (Milli-Q) purification system.

Titanium plates of grade VT1-0, cut from 1.1 mm thick sheet stock to dimensions of 10.0 x 20.0
mm, and platinum plates (GSO 11082-2018-11085-2018) with a thickness of 0.1 mm (platinum content
>99.9 wt.%) were used as samples for dissolution studies. Immediately prior to experiments, the plates
were degreased with acetone. Platinum black was synthesized according to the procedure described
in [24]. The synthesis involved reduction of H,PtCls-H,O solution with hydrazine hydrate. Textural
characteristics of the material were determined by low-temperature nitrogen adsorption using an
ASAP-2420 analyzer (Micromeritics, USA) at 77 K. Electron microscopy analysis was performed on
a TM4000 scanning electron microscope (Hitachi, Japan) equipped with a Quantax 70 microanalysis
system (Bruker, Germany) at an accelerating voltage of 20 kV. X-ray diffraction patterns were recorded
over a 20 range of 30° to 90° with a step size of 0.02° on a benchtop Proto AXRD diffractometer (Proto
Manufacturing, Canada) using CuKa radiation with a dwell time of 2 s per point.

Fig. 1A presents the nitrogen adsorption/desorption isotherms. The specific surface area calculated
using the BET model was 8.0 m?/g. According to electron microscopy studies, the platinum black
particles exhibit a homogeneous spherical morphology and are aggregated into chain-like structures.

Dissolution studies of metallic plates were conducted in laboratory-scale quartz autoclaves with a
volume of 20 cm’; their design features are described in detail in our previous works [25-28]. Quartz
was selected as the reaction chamber material due to its high chemical inertness toward aggressive
hydrochloric acid oxidizing media under hydrothermal conditions. A pre-prepared metallic plate
(titanium: 5 g, Sgurr = 0.0005 m?; platinum: 0.1 g, Syur = 0.0001 m?) or a weighed portion of Pt black was
loaded into the quartz autoclave tube, followed by the addition of 10.0 = 0.1 mL of hydrochloric acid

solution of the desired concentration and 0.5 cm? of hydrogen peroxide. Given the design limitations

>

©
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Fig. 1. Characteristics of the Pt black sample: A — nitrogen adsorption/desorption isotherms at —195.85 °C; B —
SEM image
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of the setup, which precluded direct dosing of gaseous reagents, excess pressure was generated in situ

via thermal decomposition of hydrogen peroxide according to the reaction:
2H,0, — 2H,0 + 0. 1)

At elevated temperatures (>150 °C) in hydrochloric acid media, a competing reaction leading to

molecular chlorine formation may occur:
H,0, + 2HCI = 2H,0 + Cl,1. 2

Chlorine also acts as an intensifier of platinum dissolution but reduces the corrosion resistance of
titanium.

The reactor was sealed with a fluoroplastic lid, after which the tube was fixed in a steel protective
housing with vertical windows for visual process monitoring. Autoclave heating was performed in an
air thermostat with programmed temperature control (accuracy £2 °C). To intensify mass transfer and
simulate the most severe corrosion conditions (alternating contact of the sample with liquid and gas
phases), mechanical stirring in the vertical plane was applied. During the experiment, visual changes
were recorded: solution color, sample surface condition, and precipitate formation. Upon completion
of the specified exposure time (30 min for platinum, 360 min for titanium), the autoclave was removed
from the thermostat and cooled with running water. The metallic plate or black was extracted from
the reaction mixture, thoroughly rinsed with distilled water, dried at 80 °C to constant mass, and
weighed on analytical balances with an accuracy of +0.1 mg. The dissolution fraction (o) at various
temperatures was calculated from the mass change of the plate (Am, g).

Given information on the material surface area (S, cm?) and experiment duration (At, h), the

specific dissolution rate (V, g/(cm?-h)) was calculated as:
V = Am/SAt, )

where Am is the mass of dissolved substance, g (calculated as initial mass minus current mass, or based
on the dissolution fraction).

Additionally, quantitative determination of metals transferred into solution was performed
by atomic absorption spectrometry using an AAnalyst-400 instrument (PerkinElmer, USA) and
inductively coupled plasma mass spectrometry on a 7500a spectrometer (Agilent, USA), with solution

dilution in 0.1 M nitric acid.

Results and Discussion

The corrosion resistance of titanium in hydrochloric acid solutions is limited but exceeds that
of stainless steels. With increasing HCI concentration in non-oxidizing media or open systems, the
dissolution rate of titanium samples increases substantially; consequently, all experimental studies
were conducted exclusively under excess oxygen pressure conditions. At HCI concentrations <3 M
and temperatures < 160 °C under autoclave conditions with applied excess oxygen pressure, titanium
exhibits high stability: mass loss is less than 0.1 % over 360 minutes (Fig. 2A).

However, when the HCI concentration is increased to 6 M (Fig. 2B) in the presence of an oxidant,
visual changes on the plate surface associated with dissolution are observed already at 120 °C. Raising

the temperature to 160 °C induces intensive dissolution with the formation of a white precipitate
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Fig. 2. Dissolution data for titanium plates (m = 5 g) at various temperatures in hydrochloric acid solutions in the
presence of 10 vol.% hydrogen peroxide (experiment duration: 360 min): A — 3 mol/l HCI; B — 6 mol/l HCI

insoluble in hydrochloric acid. X-ray diffraction analysis indicates that this precipitate represents
a mixture of rutile (TiO,, d = 3.25; 2.49; 1.69 A, JCPDS 21-1276) and titanium chloride hydrate
(TiCl3-2H-0, d = 2.82; 2.35; 2.00 A, JCPDS 17-343).

It is known that the presence of non-ferrous and noble metal ions in solution can enhance
the corrosion resistance of titanium. Indeed, adding chloroplatinic acid to the solution (Pt(IV)
concentration: 5 g/L) somewhat retards the dissolution of the titanium plate (Fig. 2). Thus, conducting
the dissolution of platinum-containing feedstocks in an autoclave should favorably affect the corrosion
resistance of equipment. Fig. 3 presents morphological studies of the original titanium plate and one
treated under autoclave conditions (200 °C, 360 min, 3 M HCI + 1 mL H,0O, + H,PtClg; dissolution
fraction a = 0.14 %), which showed that plate dissolution was minor and uniform. No changes in the
surface morphology of the titanium plates were observed. According to spectral microanalysis, the
oxygen content on the plate increased slightly, which may indicate preservation of the oxide film on the
surface. No traces of platinum were detected on the plate.

The observed high stability of titanium at temperatures >150 °C, despite the thermodynamic
probability of molecular chlorine formation via reaction (2), can be attributed to the robust passivation
of the titanium surface under autoclave oxidizing conditions. In the presence of excess dissolved
oxygen and hydrogen peroxide, combined with the cathodic modification effect of platinum ions (Pt*")
generated during feedstock dissolution, the corrosion potential of titanium shifts significantly into the
stable passivation zone.

Thermodynamic analysis confirms the fundamental possibility of oxidizing metallic platinum
in hydrochloric acid solutions in the presence of oxidants. When using hydrogen peroxide, the

stoichiometric equation for the overall process is:
Pt + 6HCI1 + 2H,0, — H,PtCls + 4H,0 AGys = —400 kJ. )

Among the platinum group metals, palladium and platinum exhibit the lowest chemical

inertness. Nevertheless, quantitative dissolution of platinum samples in an open system (HCl/

— 472 —



Journal of Siberian Federal University. Chemistry 2026 19(3): 467-476

H D6.2 x100 1mm H D55 x100 1mm

Fig. 3. SEM images and X-ray spectral analysis data for titanium plates: A — original plate; B — plate treated in an
autoclave at 200 °C for 360 min in 3 M HCI + 1 mL H,0, + H,PtClg

HNO; mixture) requires significant time and elevated temperature. Under autoclave conditions,
platinum dissolution is intensified: at 100 °C in a 6 M HCI solution with added H,O,, more than
20 % of the metal transfers into solution within 30 minutes (Fig. 4A), while at 160 °C, over 90 % of
platinum dissolves within the same period. However, in a 3 M hydrochloric acid solution, the plate
is practically insoluble. The situation differs for platinum black dissolution in 3 M hydrochloric acid
with hydrogen peroxide (Fig. 4B): 30 % dissolution is achieved within 30 minutes already at 110 °C.
Increasing the acid concentration to 6 M leads to quantitative dissolution within the specified time
at 130 °C.

The surface condition of the platinum plate, according to electron microscopy studies after
treatment (Fig. 5) at 100 °C for 30 minutes in a 6 M hydrochloric acid solution with added hydrogen

peroxide, indicates that predominantly uniform dissolution occurred.

A B
80 - ’,' 80 -

Pt plate, 6 mol/l - Pt black, 3 mol/l .-®
60 - ’,' 60 - g

r-l’ /’,/
40 - ra 40
- .a

e Lo
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Fig. 4. Dissolution data for metallic platinum at various temperatures in hydrochloric acid solutions in the
presence of 5 vol.% hydrogen peroxide (experiment duration: 30 min): A —plate (m =1 g); B —black (m = 0.02 g)
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Fig. 5. SEM image of a platinum plate after dissolution (o0 = 21 %)

It would also be relevant to discuss how the system might behave when processing real secondary
feedstocks, as such materials could potentially introduce notable concentrations of base metal ions
(e.g., Cu?', Fe’*, Ni*") into the leaching solution. Based on general electrochemical considerations,
oxidizing species such as Fe’* and Cu?" could, in principle, behave similarly to Pt*" by acting as
cathodic depolarizers, which might shift the titanium potential toward the passivation region and
possibly contribute to a more stable protective oxide film. On the other hand, in the context of platinum
dissolution, high concentrations of these ions might be expected to compete for active surface sites or
partially consume hydrogen peroxide through redox cycling, potentially resulting in a somewhat lower
apparent dissolution rate compared to model systems. While these arguments are largely speculative
at this stage, they tentatively suggest that titanium-based autoclave equipment could remain applicable
for the processing of complex secondary PGM feedstocks, subject to further experimental validation.

Based on the experimental data, specific dissolution rates (per unit surface area) for platinum and
titanium plates were calculated at 110 °C in 6 M hydrochloric acid + hydrogen peroxide + platinum ions

in solution, yielding values of 428 and 0.37 g/(m?-h), respectively.

Conclusion

This study established quantitative solubility parameters for titanium and platinum plates and
platinum black under autoclave oxidizing conditions in hydrochloric acid solutions. It was determined
that in oxidizing hydrochloric acid media, titanium retains stability at HCI concentrations up to 3 M
and temperatures up to 160 °C, whereas platinum black dissolves efficiently under such conditions. The
specific dissolution rate of platinum under autoclave conditions exceeds that of titanium. Considering
that PGM-containing feedstocks typically consist of highly dispersed powders with developed specific

surface areas, the use of titanium equipment is recommended for their hydrometallurgical processing.
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Synthesis of 4,10-di(2-(1,3-dioxoisoindolin-2-yl)acetyl)-2,6,8,12-
tetraacetyl-2,4,6,8,10,12-hexaazatetracyclo[5.5.0.0%'.0>|dodecane
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Abstract. In the present work, the synthesis of a novel compound, 4,10-di(2-(1,3-dioxoisoindolin-2-yl)
acetyl)-2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazatetracyclo[5.5.0.0>!1.0>°]dodecane, has been accomplished
for the first time. The synthesis was carried out by acylation of tetraacetylhexaazaisowurtzitane with
N-phthalimidoacetic acid chloride in acetonitrile, followed by recrystallization from dichloroethane,
giving a yield of 68.6 % and a purity of 99.2 % according to HPLC data. The structure of the compound
was confirmed by IR and NMR (‘H, *C) spectroscopy, and its composition was verified by elemental
analysis. The spectral data unambiguously indicate complete acylation of the nitrogen atoms at positions
4 and 10 of the polycyclic framework and the absence of impurities from unreacted hydroxy or amino
groups. The solubility of the compound in a wide range of solvents was studied. The obtained results
expand the range of tetraacetylhexaazaisowurtzitane derivatives and open up prospects for subsequent

pharmacological screening.
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Cunre3 4,10-q11(2-(1,3-1M0KCOU30UH/I0JTUH-2-HT)aleTHI)-2,6,8,12-
TeTpaaneTui-2,4,6,8,10,12-rexkcaazareTrpanuksio
[5.5.0.0%1.05°|nonexana

M. B. banaxuuna, 10. A. banaxuus,

. A. Kynaruna, C. B. CbicoasiTun
Hucmumym npobdnem
XUMUKO-9Hepeemuyeckux mexuonocuu PAH
Poccuiickas ®edepayus, butick

AnHoTanus. B HacTosmel padoTe BliepBhIe OCYIIECTBIICH CHHTE3 HOBOTO coequHeHus 4,10-mxm(2-
(1,3-n1noKCcON30MHA0INH-2-Un)aneTun)-2,6,8,12-rerpaanerun-2,4,6,8,10,12-rekcaazarepanuk
710[5.5.0.0311.0.>% | nonekana. CMHTE3UPOBAHO My TEM ALMJIMPOBAHUS TETPAALIETHITEKCAA3an30BIOPIHTAHA
xJIopaHruApua0M N-GTaTuMHUI0yKCYCHOW KUCIOTHI B CPE/IC allETOHUTPHIA C MTOCICAY FOIICH
MepeKpucTaIH3ael H3 IUXJIOPITaHa, 9TO o0ecTedro BEIXon 68,6 % u unctoty 99,2 % 1o maHHBIM
B2XX. Crpoenne coequnenus noarsepxaeno meronamu UK- u AMP- ('H, 13C) cnektpockonumu,
a COCTaB — AIIEMEHTHBIM aHan30M. CIIeKTpaIbHbIC JAHHBIC OJJHO3HAYHO CBUICTEIBCTBYIOT O IOJTHOM
AIUIMPOBAHUHU aTOMOB a30Ta B MOJOXKEHUAX 4 1 10 MOTUIMKINYECKOTO KapKaca U OTCYTCTBUH
MpUMeceil HepopearnpoBaBIINX THAPOKCH- UITH aMUHOTpyTI. M3ydeHa pacTBOPUMOCTE COSAHHCHUS
B IIUPOKOM Kpyre pacTBopuTeiei. [lonydeHHbIe pe3yIbTaThl pACIIUPSIIOT HOMEHKIATYPY
MIPOU3BOMAHBIX TETPAAICTIIITEKCAa3aN30BIOPIIUTAHA H OTKPHIBAIOT IIEPCICKTUBBI ISl [TOCIIECYIOMIET0

(hapMaKoJIOrM4eCKOro CKpUHHUHTA.
KiroueBbie ciioBa: rinnyH, praJuMuI0yKCycHast KUCIOTa, TeKCaa3an30BIOPIUTAH, allUJINPOBAHHE.

Baaropapuoctn. [lanHOe UccaeI0BaHNE BBIIOIHEHO NMPH NOAAepkke MUHUCTEPCTBA HAYKH M BBICIIIETO
oOpazoBanus Poccuiickoit @enepanuu B pamkax npoekra Ne 1240212000307 (FUFE-2024—-0011)
C HCIOJIb30BaHNEM 000PYIOBaHN s, IPEIOCTAaBICHHOTO bHICKUM peTHOHATBHBIM IIEHTPOM KOJJIEKTHBHOTO
oJb30BaHus Hay9HbIM obopynoBanreM CO PAH (MITX3T CO PAH, buiick).

Huruposauue: banaxuuna M. B., banaxuun 10. A., Kynaruna /1. A., Ceiconstun C.B. Cuntes 4,10-1u(2-(1,3-110KCON30MHJOTHH-2-
nin)auetun)-2,6,8,12-rerpaanernn-2,4,6,8,10,12-rexcaasarerpannkino[5.5.0.0>1.0>" nonexana. XKypn. Cub. penep. yH-ta.
Xuwmust, 2026, 19(3). C. 478—485. EDN: RFBBBN

Introduction

In recent years, there has been growing interest among researchers in tetraacetylhexaazaisowurtzitane
(TAIW) derivatives. Initially, this class of polynitrogen heterocycles was considered primarily as a
precursor for high-energy-density materials (HEDMs) [1]. At the same time, Lin et al. [2] demonstrated
for the first time in 2003 that hexaazaisowurtzitane derivatives were potent reversible inhibitors of acetyl-
and butyrylcholinesterase, which are targets for the treatment of Alzheimer’s disease. Concurrently,

Bhushan et al. [3] were the first to study the biotransformation of hexaazaisowurtzitane nitro derivatives
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by nitroreductase from Escherichia coli and revealed the formation of toxic products, implicitly indicating
the metabolic activity of these compounds in biological systems.

Recent literature has shown [4] that TATW derivatives possess a broad spectrum of pharmacological
activity, including analgesic, anti-inflammatory, and anticonvulsant effects. Furthermore, the drug
Tiowurtzine has already been designed from TAIW, which proved to be a highly efficacious non-
narcotic analgesic in preclinical studies [5].

Meanwhile, phthalimidoacetic acid (PIA) is drawing the attention of researchers as a promising
structural moiety for the design of biologically active molecules. PIA exhibits pronounced antibacterial
[6], antifungal [7], and anti-inflammatory [8] activity because it structurally contains the cyclic
imide, which acts simultaneously as a hydrogen bond donor and acceptor and is capable of effectively
interacting with biological target sites.

Thus, combining the two functionally significant moieties into a single molecule will not only
expand the range of organic compounds, but also makes the resultant compound a promising candidate
for further pharmacological studies. This study reports the synthesis of a new compound, 4,10-di(2-
(1,3-dioxoisoindolin-2-yl)acetyl)-2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazatetracyclo[5.5.0.0%!1.0°]

dodecane.

Results and Discussion

The synthesis of target compound V, 4,10-di(2-(1,3-dioxoisoindolin-2-yl)acetyl)-2,6,8,12-
tetraacetyl-2,4,6,8,10,12-hexaazatetracyclo[5.5.0.0%!".0>]dodecane, was carried out according to the
scheme shown in Fig. 1. N-phthalylglycine II was synthesized by the reported procedure [9] through a
reaction between phthalic anhydride I and aminoacetic acid. The reaction mixture was heated in an oil
bath at 180—-185 °C until water evolution ceased and the melt solidified (about 30 min). The resulting
product was recrystallized from water at a ratio of 1:3, filtered, washed with small portions of cold
water several times, and air-dried. The yield of the target compound was 85 % (literature: 82—94 %) as
white crystals. Mp: 188—191 °C.

Compound III was synthesized via the reported procedure [10] by dissolving compound II and
phosphorus pentachloride in dry benzene until completely dissolved (approximately 5 min). After
2 h heating and subsequent evaporation on a rotary evaporator, a cream-colored precipitate was
then isolated in a 94 % yield (literature: 81 %). The heating time was found to be crucial at this step
because an increase in reaction time leads to excessive formation of byproducts and to a corresponding
decrease in the yield of the key compound. In addition, unlike the procedure described in the literature,
the present study omits the step of recrystallizing the dry residue from mixed benzene/petroleum ether.
This simplification of the synthetic method was made possible through the use of acetonitrile as the
solvent in the subsequent synthesis step, which quantitatively dissolves the formed chloranhydride
without affecting the accompanying impurities.

Target compound V was then obtained by reacting N-phthalimideacetic acid anhydride II1
with TAIW IV in acetonitrile when heated. It is important to underscore that the reaction mixture
becomes completely clear in as little as 10 min of reflux, and a white precipitate of the target product
begins to settle out of solution after 45 min, with a purity of 86.7 % as determined by HPLC. To
increase the purity, the obtained new compound was recrystallized from dichloroethane at a volume
ratio of 1:1. The yield of the purified product was 68.6 %, with mp: 365-368 °C. The solubility of the
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Fig. 1. Reaction scheme for the synthesis of 4,10-di(2-(1,3-dioxoisoindolin-2-yl)acetyl)-2,6,8,12-
tetraacetyl-2,4,6,8,10,12-hexaazatetracyclo[5.5.0.0°!1.0°?]dodecane

newly synthesized compound was also examined. In accordance with [11], the compound was found
to be slightly soluble in water, methanol, ethanol, isopropanol, 10 % hydrochloric acid, chloroform,
and DMSO. It becomes slightly soluble in acetic acid when heated and is readily soluble in DMF
at room temperature. At the same time, the compound is practically insoluble in benzene, toluene,
petroleum and diethyl ethers.

The structure of the new compound was confirmed by elemental analysis, IR and NMR
spectroscopy. The interpretation of the IR spectrum is fully consistent with the proposed structure
of 4,10-di(2-(1,3-dioxoisoindolin-2-yl)acetyl)-2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazatetracyclo
[5.5.0.0>!1.0>"]dodecane (Fig. 2). Absorption bands of the imide and amide carbonyl groups are clearly
recorded in this spectrum. There are no broad absorption bands near 3500-3200 ¢cm™!, which allows us
to rule out the presence of primary and secondary amino groups, as well as hydroxyl moieties.

The 'H and *C NMR data corroborate complete progression of the acylation reaction. The 'H
spectrum (Fig. 3) shows no additional signals near 3.5—4.5 ppm characteristic of unreacted —-CH,OH
or —OH groups, and it can therefore be affirmed that the acylation was complete and the target product
contained no impurities. The final stage of the structural analysis of the new compound was the
analysis of the 13C NMR spectrum (Fig. 4), in which signals are completely absent in the 50-90 ppm
range where carbon atoms with C-OH or CH,-OH are located, proving their absence in the structure

of the newly synthesized compound.
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Fig. 2. IR spectrum of 4,10-di(2-(1,3-dioxoisoindolin-2-yl)acetyl)-2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazatetra
cyclo[5.5.0.0°11.0°?]dodecane
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Fig. 3. 'TH NMR spectrum of 4,10-di(2-(1,3-dioxoisoindolin-2-yl)acetyl)-2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaa
zatetracyclo[5.5.0.0%11.0°%]dodecane

Thus, the set of obtained characteristics indicates that both reactive sites of the hexaazaiso-
wurtzitane cage have reacted completely and that the target product contains no traces of the initial

amino- or hydroxy-containing impurities.

Experimental

NMR spectra were taken at room temperature on a Bruker AV-400 spectrometer operating at
400.13 MHz (*H) and 100 MHz (*3C). The chemical shift is given in ppm, and the spin-spin coupling
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Fig. 4. 3C NMR spectrum of 4,10-di(2-(1,3-dioxoisoindolin-2-yl)acetyl)-2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaa
zatetracyclo[5.5.0.0%11-0°%]dodecane

(J) is given in Hz. The following abbreviations are used to denote multiplet types: s — singlet, m —
multiplet, d — doublet. The IR spectrum was acquired on an Infralum FT-801 instrument. The melting
point was measured on a Stuart SMP30 instrument. Elemental analysis was performed using a Flash
EA 1112 instrument.

HPLC analysis was performed using an Agilent 1260 system (2.1 x 12.5 mm pre-column; sorbent
Zorbax Bonus RP, particle size 5 pm; 3.0 x 150 mm column, stationary phase Zorbax Bonus RP,
particle size 5 pm; UV detector (A =210 nm)). The analysis was performed using gradient elution: 0.35
pL/min flow rate, 2 pL. sample volume; eluent A: 0.2 % orthophosphoric acid solution and eluent B:
acetonitrile. Total analysis time: 40 min. Table 1 outlines the HPLC analysis conditions used in this

study.

Table 1. HPLC analysis method

Tabnuna 1. Metox BOXX ananusa

Bpems, mun A% B, %
0 95 5
5 95 5
15 80 20
20 70 30
30 50 50
35 95 5
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Synthesis of 4,10-di(2-(1,3-dioxoisoindolin-2-yl)acetyl)-2,6,8, 12-tetraacetyl-
2,4,6,8,10,12-hexaazatetracyclo[5.5.0.0°".0°°]dodecane

2.,4,6,8,10,12-Hexaazatetracyclo[5.5.0.0>!1.0>"]dodecane (38 mmol, 13 g) was put into a 250 mL
round-bottom flask and dissolved in dry acetonitrile (100 mL). N-phthalimidoacetic chlorohydrate
(84 mmol, 18.7 g) was added with stirring. The solution was refluxed with stirring for 40 min, cooled,
and collected by filtration. It was then recrystallized from dichloroethane in a 1:1 ratio and dried in
a desiccator for a few days. The purified compound was obtained as white crystals weighing 18.6 g
(68.6 % of the theoretical yield).

Purity: 99.2 % (HPLC); mp: 365.0-368.0 °C. Calcd,%: C 41.46; H 36.58; N 9.76; O 12.20; found,%:
C 41.39; H 36.58; N 9.72. IR, v/cm™: 3039, 2981, 2946, 1775, 1725, 1688, 1674, 1652, 1439, 1288, 1113,
888. 'H NMR (DMSO-d6, §, ppm): 1.81-2.16 (m, 12H, CH;CO), 5.06-5.31 (m, 4H, CHy), 6.63-6.97 (m,
6H, CH), 7.91-7.96 (d, 8H, CH). 3*C NMR (DMSO-ds, 3, ppm): 21.28, 22.35 (C, CH;3, CH;CO); 45.57
(C, CHy); 62.92, 64.05, 65.57, 70.05, 72.42, 74.29 (C, CH); 123.82, 135.19 (C, CH); 132.11 (C); 166.63,
167.81, 168.32 (C, CH;CO).

Conclusion

A new heterocyclic compound, 4,10-di(2-(1,3-dioxoisoindolin-2-yl)acetyl)-2,6,8,12-tetraacetyl-
2,4,6,8,10,12-hexaazatetracyclo[5.5.0.0>'.0>"]dodecane, has been synthesized for the first time. An
optimized synthetic approach is proposed involving the N-acylation of the hexaazaisowurtzitane
cage with N-phthalimidoacetic chloranhydride in acetonitrile as the key stage, which eliminated
the need for additional purification of intermediate chloranhydride and yielded 68.6 % of the target
product with a purity of over 99 %. The structure of the compound was confirmed by a combination of
physicochemical analytical methods (IR, 'H, and *C NMR spectroscopy, elemental analysis). Detailed
analysis of the spectral data indicates that both N atoms at positions 4 and 10 are completely acylated
in TAIW and byproducts of incomplete substitution are absent. The solubility of the compound in a
range of organic solvents was determined.

To sum up, the results of this work significantly contribute to the chemistry of polynitrogen
heterocycles, expand the nomenclature of functionalized TAIW derivatives, and make the newly

synthesized compound a promising candidate for further pharmacological screening.
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Abstract. This study examined the qualitative and quantitative phytochemical constituents of Gossypium
arboreum L. (G. arboreum) leaf and seed extracts and their effects on phytochemical levels, in vitro
antioxidant activities, and antimicrobial properties using petroleum ether, chloroform, ethyl acetate,
and butanol solvent. GC-MS analysis identified G. arboreum leaf and seed extract constituents,
DPPH assays assessed antioxidant potential, and solid agar medium diffusion assessed antimicrobial
activity. This study compares phytochemical and biological properties of G. arboreum leaf and seed
extracts from different solvents. Leaf extracts had more flavonoids and tannins than seeds, but both
had many secondary metabolites. The distribution of bioactive substances such as gossypol, quercetin,

proanthocyanidins, linoleic acid, and a-tocopherol varied by solvent when measured using GC—MS.
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This phytochemical is biologically active. In DPPH tests, seed extracts performed worse than leaf. The
n-butanol leaf extract had the highest activity (IC 50 ~1.20 ug AAE/mL) due to its high condensed tannin
and ellagic acid concentration, followed by the ethyl acetate fraction. This structure-activity relationship
shows polyphenols’ antioxidant power. Significant strain-dependent antibacterial assays inhibited S.
aureus and E. coli and P. aeruginosa. Chloroform and ethyl acetate extracts were broad-spectrum due

to flavonoids and gossy. All extracts were inactive against C. albicans.

Keywords: Gossypium arboreum L., Solvent, Phytochemical screening, GC—MS, Antioxidant activity,
Antibacterial activity.
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HN3y4yeHnue BJIUSHUSA IKCTPAKIMOHHBIX PACTBOPUTEJIEH
HA OMOAKTHUBHbIC KOMIIOHEHTHI U OMOJIOTHYeCKHUe
XapPaKTePUCTHUKHU IKCTPAKTA JUCTbEB U CEMSIH

XJomyaTHuka Gossypium arboreum L.
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AHHoTanus. B JaHHOM UCCIICTOBaHUY U3yYeH KaUCCTBEHHBIN M KOIMYCCTBCHHBINA (PUTOXUMHUUCCKUN
COCTaB SKCTPAKTOB JIUCThEB U ceMstH Gossypium arboreum L. (G. arboreum), a Takxe UX BIUSHUC

Ha COACpIKAaHUC OHOJIOrHYECKH aKTHBHBIX BCIICCTB, aHTUOKCUAAHTHYK aKTUBHOCTb in vitro
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Y aHTUMHUKPOOHBIE CBOHCTBA C MCIOJIb30BAaHUEM METpOsieHOro 3hupa, XIopodopma, dTHIIALETATA
n OyTaHOJIa B Ka4eCTBE KCTpareHToB. JUist nAeHTH()UKAINHA KOMIIOHEHTOB SKCTPAKTOB MPUMEHSIIIN
I'X-MC, nns olleHKHM aHTHOKCHUJAHTHOTO nmoTeHnuana — DPPH-tect, a nis onpeneneHus
AHTUMHKPOOHOM aKTUBHOCTH — METOX TU((y3uH B TBEPAYIO arapoBylo cpeny. [IpoBeneHo cpaBHeHHE
(GUTOXMMHUYECKUX U OMOJIOTHYECKMX XapaKTEPUCTHK SKCTPAKTOB U3 JINCTHEB U CEMSIH, MOJTYUYSHHBIX
pa3HBIMU PaCTBOPUTEISIMH. YCTaHOBIICHO, YTO IKCTPAKTHI JINCTHEB COJCPIKAIIH O0IbIIe (hITaBOHOUIOB
Y TAHUHOB, YeM CEMEHHBbIE, OJTHAKO B 00OUX Clly4asiX MPUCYTCTBOBAJIO 3HAYUTEIHHOE KOJINYECTBO
BTOPHUYHBIX MeTa00IUTOB. Pactipenenenrne OMOIOrHYECKH aKTUBHBIX COEAMHEHUH (TOCCUIIO,
KBEPIIETHH, IPOAHTOIMAHHINHBI, JINHOJIEBAsl KUCIIOTA U 0-TOKO(EpOII) BApbUPOBAJIO B 3aBUCHMOCTH
OT THIIA PACTBOPUTEIISL, YTO MOATBEPsKAeHO naHHbIME [ X—MC. Bce oOHapysKeHHbIE (GPUTOXNMUYECKHUE
BEIIECTBA MPOSIBIISLIN OUOJIOTHUYECKYy10 akTUBHOCTh. B DPPH-TecTe akcTpakThl U3 CEMsIH yCTyHalu
110 3 PexTHBHOCTHN JTUCTOBBIM. HanbOonpiyto ak THBHOCTS TPOJAEMOHCTPHPOBAI H-OyTaHOJIBHBIH
skeTpakT iucTheB (IC 50 ~ 1,20 MKT 3KB. aCKOPOMHOBOW KHCIIOTBI/MIT), YTO OOYCIIOBJICHO BHICOKHUM
coziepKaHNeM KOH/ICHCHPOBAHHBIX TAHWHOB M 3JUIATOBOI KHCIIOTHI; HECKOJIBKO MEHBIIYI0 AKTHBHOCTD
nokaszalsia dTuiialneraTHast Gppaxius. ITa 3aBUCUMOCTb CTPYKTYPbI OT aKTHBHOCTH JIEMOHCTPUPYET
AQHTHOKCHJAHTHYIO aKTHBHOCTH TIosin(eHonoB. [Ipu TecTupoBannn aHTHOAKTEPHATIBHON aKTHBHOCTH
Ha0JII01aJI0Ch BBIP@XKEHHOE, 3aBUCSIIEE OT IITaMMa, MHTHOUpoBaHue pocra S. aureus, E. coli u P.
aeruginosa. DKCTPaKTBI, IPUTOTOBICHHBIE HA XJIOPO(OpPME U STHIIALIETATE, TIPOSIBIISLIIN ITUPOKUH CHEKTP
JICUCTBUSI, YTO, BEPOSITHO, CBS3aHO C IPUCYTCTBHEM (DIIABOHOMIOB M roccuIioia. Bee uccienoBanHbie

OKCTPAKTBI HC NPOABJIAINA aKTUBHOCTU B OTHOLICHU U C. albicans.

KuoueBble caoBa: Gossypium arboreum L., pacTBOpHTEb, GUTOXUMUYECKUN CKpUHUHT, [ X—MC,

AHTHOKCHUJAHTHAA aKTUBHOCTD, aHTI/I6aKTepHaHLHa${ AKTUBHOCTbD.

Iurtupoanue: bada apou 1., Paxum V., Xane 1., @ennnme O., lOced A., Jlaxgapu A., 3ykens A., AnsOyxaru C. Vzyuenune
BIIMSTHHS OKCTPAKIIMOHHBIX PaCTBOpHTENEil Ha OMOAKTUBHBIC KOMIIOHCHTHI H OMOJIOTHYECKHE XapaKTEPHCTHKH IKCTPAKTA JINCTHEB
U ceMstH xionvatHuka Gossypium arboreum L. XXypn. Cu6. denep. yn-ta. Xumus, 2026, 19(3). C. 486-503. EDN: XGORAR

General Introduction

Throughout history, humans have used natural plants from their environment to treat many
maladies [1, 2]. Due to their beneficial properties and role as reservoirs of natural chemical components
such polyphenols, alkaloids, coumarins, phenolic acids, tannins, terpenes, and flavonoids, they have
significant biological potential [3]. These chemicals have antioxidant, anticancer, antibacterial, antiviral,
pharmacological, and therapeutic effects [4, 5]. Research mostly concentrates on identifying methods
to access and extract secondary metabolites from plant materials. Water, acetone, methanol, ethanol, or
their combinations are among the several extraction solvents employed due to the presence of phenolic
families with varied chemical structures and polarities. Nonetheless, due to the variability of solvents
across different plant matrices, no universal solvent can be considered standard, despite comprehensive
research on polyphenol extraction [6].

The genus Gossypium spp., referred to as cotton, is an annual herb in the Malvaceae family,
originating from the Arabic term “goz” [7]. this crop is the most economically significant globally and

is grown in many regions for fiber and oilseed production [8]. Gossypium include roughly 59 species
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globally, predominantly located in arid to semi-arid tropical and subtropical areas. The predominant
cultivated cotton species are the two diploids from Africa and Asia, G. herbaceum L. and G. arboreum
L., and the two tetraploids from the Americas, G. hirsutum L. and G. barbadense L. [9, 10].

Cotton is categorized as a medicinal plant owing to the presence of bioactive chemicals that confer
antibacterial and therapeutic advantages in traditional medicine. The distribution of these chemicals differs
throughout various plant regions, affecting their characteristics and functions [11]. Cotton extracts possess
a complex chemical makeup, comprising terpenes, monoterpenes, sesquiterpenes, triterpenes, phenols,
flavonoids, phenolic acids, tannins, phlorotannins, coumarins, alkaloids, fatty acids, carbohydrates,
and proteins [11-15]. These chemicals substantially influence the biological activities of cotton [16,
17]. Cotton plants produce several metabolites and defensive chemicals, including the sesquiterpene
aldehyde gossypol, the flavonoids gossypetin and gossypin, and the trisaccharide gossypose [18-21].
These metabolites demonstrate pharmacological actions, including gossypol’s inhibitory effects on
breast cancer [22], ovarian cancer [23], and prostate cancer [24]. Gossypose exhibits immunomodulatory
actions [25], whilst gossypin demonstrates bactericidal properties [26].

The decoction and infusion of G. arboreum leaves are conventionally employed for treating boils,
catarrh, pneumonia, ulcers, and sore throat [27-31]. Cotton species demonstrate antibacterial properties
against protozoa, Gram-negative and Gram-positive bacteria, fungus, and viruses. The leaves are the
most often utilized plant parts, with methanolic extracts being the most prevalent [32]. The G. arboreum
has been utilized in the treatment of protozoan and bacterial infections [32]. G. arboreum, commonly
referred to as Asiatic cotton, originates from approximately 2300 BC [33]. This diploid cotton species
possesses an A-genome, often reaching heights of 2-3 meters, and exhibits a tree-like morphology
characterized by elongated branches. The flowers are yellow with a violet patch that eventually transforms
entirely to red or violet [34]. G. arboreum is extensively utilized in traditional African medicine. Its root
is regarded as emmenagogic and stimulates uterine contractions. In Ghana and Nigeria, root extract or
bark is utilized for its abortifacient effects, while seed extracts are employed to alleviate headaches [7],
intermittent fevers, diarrhea, and indigestion. The leaves have antibacterial and antifungal qualities and
are used as a remedy for colds and bronchitis [35].

Cottonseed constitutes the second most economically significant component of this crop, following
fiber. It comprises a kernel (50-55 % of its weight) encased in a dark brown or black shell (40—45 %
of its weight) [36]. Upon maturation, the seed consists of glycerides, proteins, sugars, pectocellulose,
diverse colors, minerals, and water. Cottonseed oil is devoid of cholesterol, rendering it advantageous
for reducing cholesterol levels [37]. It comprises saturated fatty acids (palmitic, stearic, myristic) and
unsaturated fatty acids (oleic, linoleic, linolenic), rendering it a cardioprotective oil [38]. Linoleic acid
supplies vital mono- and polyunsaturated fats, hence diminishing the risk of cardiovascular illnesses.
Cottonseed oil is abundant in vitamin E, which is crucial for cellular metabolism and is thought to possess
anti-aging properties. This vitamin may also aid in the prevention of diseases like as cardiovascular
disorders, cancer, cataracts, and diabetes [39]. Although Gossypium species have been extensively
studied worldwide, no study has examined the phytochemical profile and biological activity of the
Algerian ecotype of G. arboreum L. However, North African studies are few, and the impact of local
agro-climatic variables on secondary metabolite production in this ecotype is unknown. G. arboreum
is utilised in Algerian folk medicine to treat respiratory and gastrointestinal issues, therefore studying

its chemical composition and biological activity is crucial for ethnopharmacological validation. This is
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the first systematic study of the Algerian G. arboreum ecotype to combine phytochemical screening,
GC-MS profiling, and biological activity assessment. This work is the first to profile this regionally
adapted variety’s phytochemicals and antioxidants and assess how extraction solvents affect bioactive
compound recovery and biological activity. This study analyses the chemical variety of this understudied

ecotype and lays the groundwork for its use in local nutraceutical and medicinal applications.

2. Materials and Methods

2.1. Reactive and Reagents

The ethanol and n-butanol used in this study were obtained from Fisher Chemical. Deionized
water, petroleum ether, chloroform, and ethyl acetate were provided by Sigma-Aldrich. Both liquid and
solid mediums for cultivating bacteria and fungi, specifically Muller-Hinton and Sabouraud Broth and
Agar, were acquired from Sigma-Aldrich. All the chemical products used for analytical purposes were

used without further purification.

2.2. Plant Collection

Fresh leaves and shells from a mature G. arboreum tree were collected from a local plantation
in the Touggourt region (Wilaya of Ouargla) in southeastern Algeria in February 2021, following
authentication and taxonomic confirmation based on morphology and a voucher specimen deposited
by Mr. Halis Youcef, a researcher at the Centre for Scientific and Technical Research in Arid Areas
in Touggourt. The collecting of plant material was conducted manually at waist height in the early
morning to ensure the freshness of the leaves and seeds. The harvested leaves and grains were
meticulously cleaned, segregated, and desiccated at ambient temperature and shielded from light for a
duration of 15 days. The samples were subsequently weighed, coarsely processed with a RETSCH SM
100 grinder, sieved to 2mm, and then collected in clean bags. The leaves and seeds were chosen for

phytochemical and antimicrobial evaluation.

2.3. Extraction Processes

Dried and powdered plant material (50 g) was macerated in 70:30 ethanol-water for 3 days at
room temperature, with solvent renewal every 36 hours. The hydroalcoholic extract was filtered,
concentrated under vacuum, and diluted with distilled water. The resulting aqueous solution was
sequentially partitioned with petroleum ether (40—60 °C), chloroform, ethyl acetate, and n-butanol
(three extractions each, except ethyl acetate which was performed once) to obtain fractions of increasing
polarity. All organic fractions were evaporated to dryness under reduced pressure and stored at —18 °C

for subsequent biological assays.

2.4. Gas chromatography/mass spectrometry analysis GC—MS

An Agilent 5975C quadrupole mass spectrometer and autosampler were used. Our study used a 30
m x 0.25 mm Hewlett Packard HP-5MS ultra inert silica capillary column with a 0.25 pm film thickness.
Helium carrier gas at 1 mL/min. Mean velocity was 26 cm/s, and initial pressure was 13 psi. HP-SMS
used (5 %-phenyl)-methylpolysiloxane stationary phase. The ion source and quadrupole temperatures
were 250 °C and 150 °C, respectively, for the 32—500 amu mass acquisition scan. A 1 % (w/v) solution was

diluted methodically with solvent. The diluted solution was carefully pipetted into a 2 mL microcentrifuge
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tube using a 20 mL pipette. The liquid was carefully blended and filtered before entering a GCMS vial.
Received three copies. First, 80 °C was maintained for 2 minutes. Heat was increased by 5 °C per minute
until 240 °C was reached and maintained for 5 minutes. The temperature was raised 3 °C per minute to
300 °C and maintained for 5 minutes. The finish took 64 minutes. The compounds were identified by

NIST 2008 mass spectrum database analysis of TIC and mass chromatogram peaks.

2.5. Biological Activity:
2.5.1. Evaluation of Antioxidant Activity Using the DPPH Method

The DPPH radical scavenging activity was assessed using the DPPH technique. Various strengths
of the extract for testing were produced in methanol within a total amount of 1 mL. Subsequently,
2 mL of 0.1 mM DPPH solution was introduced. Following vigorous agitation, the mixture was
incubated in darkness at ambient temperature for one hour. The absorbance was subsequently
quantified at 515 nm with a UV-visible spectrophotometer. A control solution comprising 1 mL of
methanol and 2 mL of DPPH solution was concurrently produced and utilized as the analytical blank.
The radical scavenging activity was quantified as the percentage of inhibition (%]I) determined using

the subsequent formula:

Abs, — Abs;
%l = b x 100
0

Where:

e Abso: absorbance of the analytical blank.

e Absi: absorbance of the solution in the presence of the extract.

The graph demonstrating% inhibition (%l) versus different concentrations of the extract facilitates

the assessment of radical scavenging activity or ICso (Effective Concentration 50 %).

2.5.2. Evaluation of Antibacterial and Antifungal Activity:

We evaluated the in vitro antibacterial and antifungal efficacy of our extracts against several
microorganisms, including one Gram-positive bacterium (Staphylococcus aureus ATCC 25923), two
Gram-negative bacteria (Pseudomonas aeruginosa CIP 22 and Escherichia coli ATCC 25922), and
one fungus (Candida albicans) employing the agar diffusion method.

The three bacterial strains selected to evaluate the antibiotic efficacy of our extract were
sourced from the American Type Culture Collection (ATCC). A bacterial suspension with a density
corresponding to the McFarland 0.5 standard (10 CFU/mL) is made and subsequently diluted 1:100.
Twenty milliliters of MHA agar medium are dispensed into each Petri plate. Two milliliters of inoculum
are applied to each plate. Following a 5-minute incubation, the surplus inoculum is eliminated via
aspiration. Four sterile filter paper discs, each 6 mm in diameter (bioMérieux), are positioned on the
surface of each plate. Two tests are conducted: one disc infused with 20 ul of the extracts, alongside
two controls: a negative control utilizing 30 pl of distilled water and the sterile extraction solvent,
and a positive control including the antibiotic. The plates are maintained at room temperature for
one hour, thereafter inverted, and incubated for 24 hours at 37 °C for bacteria and 30 °C for fungi.
Following incubation, the diameter of inhibition is measured in millimeters, including the disc. Each

test is conducted thrice over three consecutive experiments.
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A typical antibiotic disc (e.g., Gentamicin GEN and Nystatin) serves as a positive control to
verify that the test conditions are suitable for bacterial growth and inhibition. A sterile disc infused
solely with solvent serves as a negative control to confirm that the detected inhibition zones are not
attributable to the solvent itself.

3. Results Section

3.1. Chemical Constituents of the leaves and seeds of G. arboreum

The extraction of active principles from these metabolites is a crucial step in their isolation,
involving the recovery of phytochemical compounds present in plant material [40] as well as their
identification [41]. This process is influenced by various factors such as the chemical nature of
the compounds, extraction method, sample size, and the presence of interfering substances [42].
The literature indicates that the extraction method influences both the quantitative and qualitative
characteristics of the extracts, with the selection of method primarily determined by the intended
application, such as in food or pharmaceuticals [42]. This study utilized the maceration method, a
technique frequently applied in traditional medicine.

Table 1 delineated the specific bioactive contents of G. arboreum extracts from leaves and

seeds, acquired using various solvents, including petroleum ether, butanol, chloroform, and ethyl

Table 1. Bioactive Profiles of petroleum ether, Butanol, Chloroform, and Ethyl Acetate Extracts of G. arboreum
Leaves and Seeds

Reten- . . Chloro- Ethyl Molecular | Molecular
. . Bioactive petroleum | Butanol . Class
tion Time Constituents | ether (%) %) form Acetate | Formula Weight of Compound
(min) ’ ’ (%) (%) (MF) (MW) P
Leaves Extract
polyphenolic
10.25 Gossypol - 342 6.12 5.28 C39H305 518.55 sesquiterpene
dimer
12.10 Quercetin - 4.88 - 3.92 Ci5H,007 302.23 Flavonoid
1,85 |Proanthocy- 0.2 8.1 1.0 | Cyla0y | 50452 | Condensed Tan-
anidins nins
13.40 | Palmitic Acid 10.52 - 12.31 - CsH3,0, 256.42 | Fatty Acid
15.55 Ellagic Acid - 5.6 - 2.0 Ci4HgOg 302.20 | Tannins
. Monoterpene
16.30 | Linalool 2.5 - 3.0 - CoH;s0 154.25 Alcohol
17.85 B-Sitosterol 3.01 - 4.02 3.11 CyoH500 41472 | Sterol
18.90 Squalene 6.22 - 8.15 - C39Hsg 410.71 Triterpene
Neophyta- .
20.45 diene 1.75 - - 1.45 CyoHsg 278.52 Diterpene
21.70 | Rutin - 2.0 - 0.3 Cy7H30046 610.52 | Glycoside
23.15 l(;izy"phyl' 542 - 6.11 5.02 CysHa 204.35 | Sesquiterpene
Cyani-
25.30 |din-3-O-glu- 4.55 - 3.32 6.11 CyH2 0y 449.40 | Glycoside
coside
26.80 | y-Sitosterol 2.15 - 3.11 1.87 CyHs00 414.72 | Sterol
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Table 1. Continued

Reten- . . Chloro- Ethyl Molecular | Molecular
. . Bioactive petroleum | Butanol . Class
tion Time Constituents | ether (%) %) form Acetate | Formula Weight of Compound
(min) ’ ’ (%) (%) (MF) (MW) P
Seeds extract
polyphenolic
15.05 Gossypol - 15.0 10.0 12.0 C39H3005 514.54 sesquiterpene
dimer
1569 | Linoleic Acid | 200 - - 10 | CyHu0, | 28045 |Unsaturated
’ ’ ’ 18553252 ’ Fatty Acid
. . Unsaturated
18.05 | Oleic Acid 18.0 - - 0.4 CisH340, 282.47 Fatty Acid
19.67 | B-Sitosterol 4.0 - 1.0 2.0 CyoHs500 414.72 | Sterol
a-Tocopherol Isoprenoid Chro-
30.50 (Vitamin E) 2.5 - 0.6 L5 CyoHs500, 430.71 manol
3178 | Gossypol . 42 0.3 2.5 . . Glycoside
Saponins

acetate, along with their corresponding relative abundances. GC—MS analysis was involved to detect
the presence or absence of various families of secondary metabolites in the leaves and seeds of G.
arboreum methanol extract.

The phytochemical analysis using GC-MS analysis reveals a variety of bioactive compounds
in the leaf and seed extracts of G. arboreum, each possessing distinct chemical characteristics and
probable biological roles. The findings indicate the presence of phenolic compounds, flavonoids, fatty
acids, tannins, terpenes, sterols, and glycosides. This study investigates the impact of various solvents
on the extraction of bioactive compounds from the leaves and seeds of G. arboreum cotton, while
also evaluating the compositional differences between the leaf and seed. A diverse array of chemicals
exists in the cotton leaf and seed extracts, contingent upon the solvent used. Certain chemicals seem to
exist in greater amounts in leaf extracts than in seed extracts, and vice versa. This suggests a possible
disparity in the chemical makeup between the leaves and the seed.

Table 2 provides a comparative summary of solvent extraction efficiency based on the types of
compounds recovered.

The bioactive composition of the plant differs by its anatomical parts. Leaf and seed extracts
contain phenolic compounds such as gossypol and ellagic acid. Phenolic compounds enhance plant
defenses through their antioxidant and antibacterial properties. The leaves possess moderate levels
of quercetin and rutin, which may confer anti-inflammatory and cardiovascular advantages. These
compounds serve as potent antioxidants, mitigating oxidative damage. Both extracts contain palmitic,
linoleic, and oleic acids, particularly in seeds. Unsaturated fatty acids, such as linoleic and oleic acids,
play a role in the regulation of cholesterol levels and inflammation in humans. Proanthocyanidins
and ellagic acid, both of which exhibit astringency, are the predominant condensed tannins. These
compounds exhibit antibacterial and antiviral properties, enhancing the efficacy of the extract. Leaves
contain monoterpenes and sesquiterpenes such as Linalool, Caryophyllene, and Squalene, which possess

aromatic properties and have applications in aromatherapy and antimicrobial agents. Phytosterols, such
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Table 2. Comparative Summary of Solvent Extraction Efficiency for G. arboreum Leaf and Seed Extracts

Solvent Polarity Compounds Extracted %ﬁﬁgggg Al:é?ﬁ;gim An:ggs;f;lal
Petroleum | Non-polar Fatty acids (palmitic, High for lipids; | Weakest (ICso: | Limited; zones
Ether linoleic, oleic), terpenes | no phenolics or | 7.20 leaf, 5.26 <9 mm

(squalene, linalool, flavonoids seed)
caryophyllene), sterols
Chloroform | Moderately | Gossypol, sterols (j3- Broad-spectrum | Moderate (ICso: | Strong against
polar sitosterol, y-sitosterol), | for medium- 1.52 leaf, 6.22 | P. aeruginosa
terpenes (squalene, polarity seed) and S. aureus
caryophyllene), palmitic | compounds
acid
Ethyl Polar aprotic | Gossypol, flavonoids Excellent for High (ICso: 1.22 | Broad-spectrum
Acetate (quercetin), tannins phenolics and leaf, 4.08 seed) |against Gram-
(ellagic acid), glycosides |flavonoids negative and
(cyanidin-3-O-glucoside) Gram-positive
bacteria
n-Butanol | Polar protic |Condensed tannins Best for polar Highest (ICso: Strong against
(proanthocyanidins), phenolics and 1.20 leaf, 9.50 P. aeruginosa
glycosides (rutin, glycosides seed) and S. aureus
gossypol saponins),
quercetin

as B-Sitosterol and y-Sitosterol, may reduce blood cholesterol levels due to their structural similarity
to cholesterol. Both leaf and seed extracts contain these compounds, demonstrating their nutritional
advantages. Cyanidin-3-O-glucoside, Rutin, and Gossypol Saponins enhance antioxidant and anti-
cancer properties.

The selection of solvent may markedly affect the chemicals recovered from plant sources and
their potential bioactive qualities. This investigation confirms that petroleum ether selectively targets
lipids (fatty acids) and some terpenes. Chloroform has an extensive extraction capacity for medium-
polarity molecules such as gossypol, sterols, and terpenes. Ethyl Acetate is ideal for substances with
intermediate polarity, such as some phenolics, flavonoids, and glycosides. Butanol is specifically suited
for the most polar compounds, including some tannins and saponins.

The existence of each bioactive molecule and its associated compounds across various solvent
fractions signifies its varying solubility, attributable to distinct derivative forms or interactions with
other plant constituents. The same findings were observed by Rahim et al. [7]. Non-polar solvents like
hexane selectively extract non-polar molecules, whereas polar solvents such as acetate and butanol
can extract a wider range of polar compounds. The polarities of polyphenols range from polar to non-
polar, with optimal extraction generally attained through polar solvents. These solvents demonstrate
enhanced solvation efficiency owing to interactions, such as hydrogen bonds, between the polar sites of
the antioxidant compounds and the solvent, in contrast to non-polar solvents [43]. An effective solvent is
characterized by its capacity to enhance extraction efficiency while preserving the structural integrity
of target compounds [44]. The results underscore the importance of solvent choice in determining the
bioactive characteristics of plant extracts. Multi-solvent extraction is crucial for assessing a plant’s

pharmacological potential and enhancing the recovery of bioactive compounds, as various solvent
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systems selectively target components according to their polarity [44—46]. Human-use applications
must employ non-toxic solvents that have “Generally Recognized As Safe” (GRAS) safety profiles,
as established by regulatory bodies like the FDA [47]. Efficiency, safety, and economic viability are
essential considerations in industrial settings. This generally entails choosing the most cost-effective
solvent that meets technical and safety criteria while optimizing extraction efficiency, scalability, and

production expenses [48].

3.2. The biological properties

The extraction solvent had a significant impact on the phytochemical content, including total
polyphenols, flavonoids, and condensed tannins. Phenols, flavonoids, alkaloids, cardiac glycosides,
saponins, terpenoids, steroids, and tannins are acknowledged for their biological and pharmacological
effectiveness in addressing various chronic diseases [49]. The biological properties of the extracted
compounds can vary depending on their chemical structures and the synergistic or antagonistic effects

of the compounds present in the extract.

3.2.1. Solvents extraction effect on antioxidant activity

The free radical scavenging activity of all examined extracts was quantified in ICs, values (a lower
ICsy value signifies more extract efficacy, whilst a higher value denotes reduced extract activity) in mg
ascorbic acid equivalent/mL. The outcomes of the several evaluated extracts are encapsulated in the

histogram (Fig. 1):
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Fig 1. Histogram of DPPH radical inhibition percentage and ICs, values of the tested samples in mg ascorbic
acid eq /mL

— 495 —



Journal of Siberian Federal University. Chemistry 2026 19(3): 486-503

All extracts exhibited antioxidant activity that was concentration-dependent, indicative of authentic
radical scavenging behaviour. The study demonstrates a distinct structure-activity relationship, clearly
associating phytochemical composition with observed efficacy. The DPPHe° free radical scavenging
capacity of the leaf extract is rated according to the ICs, as follows: n-Butanol (ICsp: ~1.20) > Ethyl
Acetate (ICs: 1.22) > Chloroform (ICsy: 1.52) > Petroleum Ether (ICsq: 7.20) n-Butanol: This was the
most powerful extract. Its enhanced efficacy (lowest ICs) is attributable to its elevated concentration
of strong condensed tannins and ellagic acid, which are distinguished for their remarkable hydrogen-
donating capacity. Ethyl Acetate demonstrated exceptional, nearly equivalent potency to n-butanol.
This extract contains a variety of flavonoids (Quercetin, Cyanidin-glucoside, Rutin) and phenolics
(Gossypol) that function synergistically. Chloroform: Efficacious activity principally attributed
to its elevated Gossypol concentration (6.12 %). Petroleum Ether: The least effective extract, as it
lacks substantial phenolic antioxidants, containing only minor antioxidant terpenes and lipids. The
antioxidant properties of seed extracts concerning various employed solvents were as follows: Ethyl
Acetate (ICsy: 4.08) has greater efficacy than Petroleum Ether (IC 50: 5.26), which in turn surpasses
Chloroform (ICso: 6.22). n-Butanol (ICsy: 9.50 mg ascorbic acid equivalent/mL) Ethyl Acetate: The
superior seed extract, due to its elevated Gossypol concentration (12.0 %) combined with a-Tocopherol
(Vitamin E). n-Butanol: The least potent seed extract, as it comprises solely saponins, which are
inferior antioxidants. The antioxidant efficacy study results indicated that pure ascorbic acid exhibited
superior antioxidant activity compared to the four extracts, significantly surpassing the efficacy of the
complex crude extracts. In accordance with previous findings, G. arboreum leaf extracts demonstrated
significantly greater antioxidant activity compared to seed extracts. This is proven by their markedly
lower ICs values (e.g., n-Butanol leaf ICsy: around 1.20 versus seed extracts ranging from 4.08 to
9.50 mg AAE/mL). This enhanced activity is due to the leaves’ more abundant and varied profile
of phenolic chemicals, as outlined in the compositional table. The process is heavily reliant on the
extraction solvent, which selectively isolates particular classes of chemicals according to their polarity.

The reduction capability is ascertained by a decline in absorbance caused by free radical scavenging
agents. Each extract comprises a varied assortment of phytochemical constituents, including phenolic
acids, hydrolyzable and condensed tannins, and flavonoids. The efficacy is determined by the chemical
structure and hydroxyl group content of the phytochemicals, attributed to their antioxidant properties
as free radical scavengers, hydrogen donors, metal chelators, and reducing agents [50].

These results align with the quantitative measurements of flavonoids. Phenols and flavonoids
are predominantly accountable for the antioxidant activity in plant extracts [51]. The interaction
mechanism between antioxidant chemicals and the DPPH radical is contingent upon their chemical
structure and the quantity of hydroxyl groups present, as corroborated by numerous researches [52].
The optimal efficacy of an extract is often due to the synergistic interaction between primary and
secondary constituents rather than a single ingredient [53]. The alteration in solvent polarity affects the

dissolution of specific antioxidant compounds and the assessment of antioxidant activity [54].

3.2.2. Solvents extraction effect on in vitro antibacterial and antifungal activity

The antibacterial and antifungal activity of the different extracts from G. arboreum leaves and
seeds were investigated against three bacterial strains: Gram-negative (E. coli and P. aeruginosa) and

Gram-positive (S. aureus), as well as a fungal strain (Candida albicans), using the solid agar medium
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diffusion method. The diameter of the inhibition zone of bacterial growth appearing around the discs
for the different strains studied is summarized in the histogram in Fig. 2, and compared with the effect
of our crude extracts. Gentamicin (antibiotic) and nystatin (antifungal agent) were used as positive
controls.

According to Ponce et al. [55], the diameter of inhibition zones indicates bacterial sensitivity, and
the results are expressed according to four levels of activity: Resistant strain (D < 8 mm), Sensitive
strain (9 mm < D < 14 mm), Highly sensitive strain (15 mm < D < 19 mm), Extremely sensitive strain
(D> 20 mm)

After 24 hours of incubation, the results of the antimicrobial activity evaluation of antibiotics
show that the bacterial strains were sensitive to the tested antibiotic, with inhibition zone diameters
ranging between 21 mm and 25.5 mm against Gentamicin (“GEN,” 10 pg). Regarding C. albicans, high
sensitivity to Gentamicin was observed with a zone diameter of 33 mm, and 15.5 mm against Nystatin.
It should be noted that all tested strains were very resistant to the tested solvents confirms their lack of
antimicrobial activity.

Furthermore, the inhibition zone diameters demonstrate that the tested microbial strains exhibit
varying sensitivities to the studied extracts, even when comparing two strains of the same Gram type.
Based on the results, it was observed that the different bacterial strains tested reacted differently to the
extracts, the growth of P. aeruginosa was inhibited by most seed extracts. For the seeds extract effect,
P. aeruginosa, a Gram-negative bacterium, was the most sensitive strain to three extracts, particularly
n-butanol (30 mm). Other S. strains exhibited varying behaviours, with inhibition zones ranging from
8.34 mm to 26.71 mm across the four extracts, showing strong sensitivity to ethyl acetate and n-butanol,
exceeding the 15 mm inhibition zone diameter. Staphylococcus spp. exhibited variable sensitivity
(8.34-26.71 mm), with highest activity observed for ethyl acetate and n-butanol extracts (zones >15
mm). E. coli and C. albicans showed resistance to most extracts (zones <9 mm or absent). Indeed,
the absence of an inhibition zone in plates inoculated with E. coli and C. albicans, and sometimes a
diameter not exceeding 9 mm, indicates their resistance to the tested seed extract.

In other side, E. coli showed high sensitivity to chloroform and ethyl acetate leaves extracts, with

an inhibition zone of 18 mm, and moderate sensitivity to n-butanol and chloroform extracts, while it
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Fig. 2. The antibacterial and antifungal activity of the different extracts from G. arboreum leaves and seeds
against the tested Strains
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exhibited resistance to petroleum ether extract. The maximum antimicrobial activity was recorded
for the chloroform extract against Pseudomonas aeruginosa and Staphylococcus, with efficacy
comparable to the antibiotic Gentamicin, suggesting the presence of broad-spectrum active compounds
in this extract. In contrast, strains incubated with petroleum ether extract showed inhibition zones not
exceeding 9 mm, indicating their resistance to this extract.

According to the results, the fungus C. albicans demonstrated resistance to the tested extracts,
including those from cotton leaves. These findings confirm that the optimal efficacy of an extract
depends more on the quality of the active compounds it contains than on their quantity alone.
Additionally, other researchers have stated that each compound acts differently on microorganisms,
meaning a compound may have a significant effect on one microbial strain and a lesser or no effect
on another. It is important to emphasize that differences in the antibacterial and antifungal activity of
a plant substance depend on several factors that can influence the chemical composition of the plant,
such as the species, geographical origin, solvent, and extraction method [56].

The maximum antimicrobial activity recorded for the ethyl acetate and n-butanol extracts against
P. aeruginosa and Staphylococcus suggests that the active compounds are present in these extracts
and exhibit broad-spectrum effects. The antibacterial potential of the studied extract depends on its
polyphenol content, particularly flavonoids and tannins [57]. This confirms that the efficacy of an
extract depends more on the quality of the active principles it contains than on their quantity alone.
The optimal efficacy of an extract may not be due to a single major active constituent but rather to the
combined (synergistic) action of different major and minor compounds within the extract [53-58]. It
is important to emphasize that differences in the antibacterial and antifungal activity results of a plant
substance depend on several factors that can influence the chemical composition of a plant, such as the
species nature, geographical origin, solvent, and extraction method [59-61].

Overview. The methanol extract of G. arboreum leaves comprised a diverse array of
phytochemicals. Phenolic compounds, flavonoids, and tannins are prevalent, carrying significant
pharmacological implications. The antioxidant properties of these compounds are well-established [62].
This offers additional evidence that the leaf extract may reduce oxidative stress, a significant risk factor
for numerous debilitating diseases [63]. Terpenoids and steroids, due to their abundant combination,
exhibit synergistic potential for multi-target therapeutic applications, with both classes demonstrating
anti-inflammatory, antibacterial, and analgesic properties [64]. The leaves present an optimal avenue
for investigating lead compounds exhibiting antioxidant and anti-inflammatory properties.

The seed extract contains a significant presence of steroids, glycosides, phenolics, and terpenoids.
Saponins present in various plant seeds exhibit antimicrobial properties and the ability to lower
cholesterol levels [65]. The seed extract likely possesses a lower antioxidant capacity compared
to the leaf extract; however, it may still demonstrate bioactivity, including cardiotonic (glycoside)
or antimicrobial (terpenoids and saponins) properties. Multiple biological studies are necessary to
identify its therapeutic applications. It is noteworthy that both extracts are devoid of alkaloids and
anthraquinones. Although alkaloids possess therapeutic applications, high doses can adversely affect

the nervous system, cardiovascular health, and cellular function [66].
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Conclusion

This study proves that the extraction solvent determines the phytochemical profile and biological
activity of G. arboreum leaf and seed extracts. Solvent polarity affected bioactive compound yield and
type, which correlated with antioxidant and antimicrobial potencies.

Polar solvents like n-butanol and ethyl acetate isolated potent antioxidants best. These extracts,
particularly from the leaves, were richest in phenolic compounds, flavonoids (quercetin, rutin), and
condensed tannins (proanthocyanidins, ellagic acid), which translated into the strongest free radical
scavenging activities, as evidenced by their low ICso values in DPPH assays (~1.20 and 1.22 ng AAE/
mL, respectively). This confirms that phenolics are the main antioxidants due to their structure-activity
relationship. In contrast, the non-polar petroleum ether extract contained lipids and terpenes but no
polyphenols, consistently exhibited the weakest activity across all assays.

Antimicrobial activity correlated strongly with phytochemical makeup. Chloroform and ethyl acetate
extracts with high gossypol and other phenolic antimicrobial concentrations had the strongest broad-
spectrum antibacterial activity against S. aureus, E. coli, and P. aeruginosa. Despite strain-dependent
action, all extracts were ineffective against C. albicans, demonstrating bioactive component specificity.

This study shows that solvents and plant sections vary greatly in bioactive chemical composition.
Due to their more complex and plentiful flavonoids and tannins, G. arboreum leaves contain more
high-value antioxidants and antimicrobials than seeds. All extracts lack alkaloids and anthraquinones,

suggesting safety.
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Abstract. Nanostructured silver-based materials have garnered significant attention owing to their
broad biomedical applications, particularly in antimicrobial therapy. In this study, we report, for the
first time, a rapid and eco-friendly approach for the biosynthesis of silver nanoparticles (Ag NPs) using
an alcoholic extract of pomegranate (Punica granatum) peels (POG), and evaluate their antibacterial
efficacy. The synthesis was carried out by reacting the pomegranate peel extract with a silver nitrate
(AgNO:s) precursor in deionized water, yielding a black colloidal product indicative of nanoparticle
formation. The biosynthesized Ag NPs were comprehensively characterized using field-emission scanning
electron microscopy (FESEM), atomic force microscopy (AFM), and Fourier-transform infrared (FTIR)
spectroscopy. X-ray diffraction (XRD) analysis confirmed the crystalline nature of the nanoparticles,
revealing a face-centered cubic structure characteristic of metallic silver. The antibacterial activity
of the synthesized Ag NPs was assessed against clinically relevant Gram-positive (Staphylococcus
aureus) and Gram-negative (Escherichia coli and Pseudomonas aeruginosa) bacterial strains, using
standard antibiotics (neomycin) as positive controls. Notably, the biosynthesized Ag NPs exhibited
superior antibacterial activity compared to the commercial antibiotics across all tested concentrations.
The most pronounced effects were observed against E. coli and P. aeruginosa, with inhibition zone
diameters reaching approximately 49 mm and 48 mm, respectively. These findings demonstrate that
the pomegranate peel-derived silver nanoparticles possess potent and broad-spectrum antibacterial
properties, positioning them as promising candidates for the development of next-generation antibiotic

formulations.
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CuHTe3 HAaHOYACTHI] cepedpa ¢ UCIO0Ib30BAHUEM
CIIMPTOBOI0 IKCTPAKTA KOKYPbI I'PaHaTa:

XapaKTEePUCTUKA U AHTHOAKTEPUAIbHASL AKTUBHOCTD

Pum Cyxaita Hagxm?, Aogya Baxun Adaya Carrap Tannyx?,
Moxammen Jlzkyxep Canex®, T:xamuas Hagxem Canex®
*Vnusepcumem Tuxpuma

Upaxk, Tuxpum

% [Tupexmopam obpazosanus Carax-30-Luna

Hpax

AHHOTauMsA. HaHOCTPYKTYypHpPOBaHHBIC MaTepralbl HA OCHOBE cepedpa BBI3BIBAIOT 3HAUMTENIbHBIN
HnHTepec B OMOMEANIINHE, TPEXKE BCETO KaK MePCIeKTHBHBIC MTPOTHBOMUKPOOHBIE areHThl. B nanHOM
UCCJICJIOBAaHUH MTPEJCTABIICH OBICTPBIN M DKOJIOTHYECKH 0€30MacHbIii MeTO/l OMOCHHTE3a HAHOYACTHI]
cepedpa (Ag NPs) ¢ ncnonp30BaHnEM CIIMPTOBOTO SKCTPAKTA KOXKYPHI rpanara (Punica granatum). Iponecc
CHHTE3a 3aKJII0YaJICs BO B3aMMOACHCTBIY 3KCTpaKTa ¢ HUTpaToM cepedpa (AgNOs) B JeHOHM3UPOBAaHHON
BOJIe; 00pa30BaHNe HAHOYACTHI] ITOATBEPKJAIOCH MOSIBIIGHHEM Y€PHOTO KOJIJIOMJTHOTO OCajKa.
Crpykrypa u cBoiicTBa nosryueHHbIX Ag NPs Obln H3y4eHbl METOJaMH CKAHUPYIOIIEH AJIEKTPOHHOM
MHKPOCKOIIUH, aTOMHO-CUJI0BON MuKpockonuu u UK-Dypre-crekTpockonuu. PerTrenodasoBbrit
aHaJIN3 MOATBEPIUI KPUCTAITHUYECKYIO IPHPOAY YaCTHUII, BBIBUB IPAHCIIEHTPUPOBAHHY IO KyOUYECKYI0
pelIeTKy, XapaKTEepHYI0 Ul METaJNINYECKOro cepedpa. AHTHOAKTEpHUAIbHYIO aKTHBHOCTD OLICHHBAIN
B OTHOIICHHH KIIMHUYECKH 3HAYUMBIX [ITaMMOB Staphylococcus aureus, Escherichia coli u Pseudomonas
aeruginosa B CPaBHEHUH ¢ HEOMUIIMHOM. BHOCHHTE3HpOBaHHBIE HAHOYACTULBI TPOAEMOHCTPUPOBAIIN
HPEBOCXOIHY 0 AP (PEKTUBHOCTD MO CPABHEHHIO C KOMMEPUECKUM aHTHOMOTHKOM BO BCEX UCCIICIOBAHHBIX
KoHIEeHTpanusix. Hanbomnee BeipakeHHBIN 3¢ ekt HabIronancs B otHomeHuu E. coli n P. aeruginosa
(mameTpbl 30H HHrUOMpoBaHus coctaBuian 49 MM 1 48 MM COOTBETCTBEHHO). [loTyYeHHbIE pe3yIbTaThl
MOATBEPKIAIOT BHICOKMI TMTOTEHIINA HAHOYACTHII cepedpa, CHHTE3UPOBAHHBIX HA OCHOBE 3KCTPAKTA

T'paHaTa, KaK OCHOBBI JJIsd AHTHOMOTHUKOB HOBOT'O ITOKOJIEHHSI.

KuioueBble ci10Ba: MOJIOTBIC JIMCThSI KOXKYPbI TpaHaTa, HAHOYACTHULIBI cepedpa, HAHOYACTHILBI,

aHTI/I6aKTepI/IaHLHa}I AKTHUBHOCTB.

Hutuposanue: Pum Cyxaitn Hamxwm, A6ayn Baxun A6ayn Carrap Tamnyx, Moxammen [Ixxyxep Canex, [xamunbs Hagxem Canex.
CHHTE3 HaHOYACTHI cepedpa C CIOIB30BaHHEM CIIMPTOBOIO SKCTPAKTA KOJKYPhI IPaHATa: XapaKTePUCTHKA 1 aHTHOAKTepHaIbHAs
akTUBHOCTB. JKypH. Cub. dpenep. yH-ta. Xumus, 2026, 19(3). C. 504-514. EDN: ZAEAVV
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Introduction

Prehistoric times, people have been searching for medicationsto treat different diseases. They rely
on plants and what the nature provides, to treat sick peoples, since then many discoveries in the field
of medical plants were used to days after approved so far in folk medicine. According to the world
health organization, (WHO) was counted more than 20,000 medical plants, more than 25 % of them are
extracted for pharmaceutical compounds known in pharmacies by medical pharmaceutical factories
[1]. Phenols and antioxidants found in plants improve health; strengthen the body and booster immunity
against bacterial and viral infections and others [2]. The most well-known member of the pomegranate
family (scientific name: Punica) is the many-seeded pomegranate (Punica granatum), a species of
deciduous fruit-bearing shrubs or small trees. An other species that is unique to Socotra Island is the
Socotra pomegranate (Punica protopunica). Its smaller, less sweet fruit and pink (as opposed to red)
blooms set it apart from the many-seeded pomegranate [3].

Nanoparticles (NPs) have been of interest to scientific groups since their discovery. In recent
years, they have been widely used in diverse fields, including as antibiotics, in the manufacture of
electrical devices and microscopes, and as photocatalytic enhancers in organic dyes [4]. Nanoparticles
are often chemically synthesized under controlled conditions using reducing agents, capping agents,
and hazardous compounds. However, their high cost may prevent their widespread use in the
environmental and health sectors [5]. Studies have focused on the use of environmentally friendly
methods, such as the green synthesis of nanocomposites using plant products [6, 7]. Among the
many types of nanoparticles, silver nanoparticles (AgNPs) have been synthesized using various
plant components for multiple uses, such as antibacterial, antifungal, antioxidant, and environmental
protection [8]. These compounds prepared using new methods have similar efficacy to those prepared
using traditional chemical methods, and are also environmentally friendly, economically available,
and short in time. Because they maintain their sterility during growth and do not require the
production of any nutrient medium for bacterial cultivation, the manufacture of plant nanoparticles
is much easier than that of microbial nanoparticles [9].Organic acids, proteins, minerals, phenols,
and enzymes are among the oxidizing, reducing, capping, and stabilizing components present in
plants and their various parts (e.g., leaves and fruits) that stimulate the synthesis of nanoparticles
[10]. Pomegranate (Punica granatum) is one of the most important cultivated crops. Due to its
therapeutic properties, this fruit has been widely used in foods and food products all over the world
[11]. Pomegranate peel, which makes up around 60 % of the fruit's weight, is considered an agricultural
waste. Another well-known benefit of pomegranate peel extract (PE) is its high nutritional content,
which includes vitamins, minerals (including potassium), flavonoids, phenols, and antioxidants [12].
In order to create silver nanoparticles (AgNPs) from silver nitrate (AgNO;) and employ them as
antibiotics against both Gram-positive and Gram-negative bacteria, we utilized pomegranate peel
extract (PE) in this work. Silver metals can be changed into silver ions by the human body in order
to interact with bacterial cells. A high concentration of silver ions can harm healthy human cells by
making them cytotoxic. Compared to regular silver metal, silver nanoparticles' large surface area
provides stronger antibacterial activity [13]. In recent years, Nano-derivatives have gained wide
attention, especially Nano-silver compounds, due to their wide uses in the medical fields. Based
on the foregoing, the present study aims to elucidate the dried leaves and silver nanoparticles and

their anti-bacterial activity.
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Materials and Methods

Plant samples

Pomegranate Ground pomegranate peel powder, peel leaves were collected, from Markets in
Tikrit, Iraq, cleaned with distilled water to get rid of any dust that had adhered to them, then distributed
in large piece of cloth enough to spread the pomegranate peel powder in shade until dryness at room

temperature. The powder was placed into clean and dry glass containers and kept until extraction.

Preparation of alcoholic extracts (R1 POG)

20 gm of leaves powder placed in 500 mL conical flask with, absolute ethanol, concentration of
99 %, and placed in a vortex apparatus with magnetic stirring for (24 hours), until the homogeneity of
the solution (it became clear without plankton), The solution was left to cool, filtered, Spread on wide
flat ceramic dishes until complete dryness, To get rid of any organic substances the extracted material
was heated at (70° C) according to [14].

Preparation of silver Nanoparticles (R2 POG)

Sgm of silver nitrate was dissolved in 25 mL deionized water, then added to the prepared alcoholic
extract gradually until homogenization, then left to settle down, and collect the precipitate after
centrifugation at (6000 RPM), after that washed (4 times) with deionized water to remove un reacted

silver nanoparticles Dryness of the product was done in oven at 70°C according to [15].

Chemical test for the extracts

Molisch's technique, which uses (0.1g) of the extract to assess for the presence of carbohydrates,
was used to perform chemical assays on the extracts, Benedict's test to check for the presence of
reducing sugars, and Alkaloids reagents (Mayer’s test,) to detects alkaloid and phenol test to detect

phenol, using standard methods, used in chemical laboratory methods.

Biological Activity
Bacterial isolates (Staphylococcus aureus E. coli, Pseudomonas aeruginosa), were obtained from
the Department of Microbiology, Tikrit University College of science, The isolates were cultivated
on nutrient agar plates for twenty-four hours at 37 °C. After being dissolved with dimethyl sulfoxide
(DMSO), concentrations of 50, 100, and 150 mg/ mL were used to assess antibacterial activity, wells
were made in the Agar plate, as described by Boon and Walker (2006), Zones of inhibition were

measured by Vernier caliper. [16, 17].

Other Measurement:

Characterization of the prepared compounds was performed using several analytical techniques.
Melting point measurements were obtained with an Electrothermal 9300 apparatus. FT-IR spectra
were collected on a Shimadzu 8400S spectrophotometer over the spectral region of 400—4000 cm™!
using the KBr disk method. Microbiological media were sterilized by steam autoclaving using a Raypa
sterilizer (Spain), while bacterial cultures were incubated in a Heracus D-63450 incubator (Germany).

Morphological and structural investigations were carried out by AFM and SEM using an AFM Icon
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system and a MIRA3-TESCAN microscope, respectively. Furthermore, XRD analysis was employed
to evaluate the crystalline properties of the samples using a Shimadzu XRD-6000 diffractometer.

AFM and XRD measurements were conducted at Kashan University, Iran.

Results and Discussions

The FT-IR spectrum of the R1 POG extract shows broad bands at 3452 cm™ and 3394 cm,
attributed to the stretching vibrations of the phenolic O—H and alcoholic O—H groups, respectively.
This indicates a high phenolic content in the extract. These groups cannot be attributed to carboxylic
acids due to the absence of a broad absorption band starting from 2500-3300 cm™. Further evidence of
the richness of phenols in the compound is the presence of C-O bond stretching bands in the range of
1049-1348 cm™'. The band appearing at 3066 cm™ is attributed to aromatic C—H stretching, which is
supported by the bands at 1560—1450 cm™, which are attributed to aromatic C=C stretching vibrations.
A strong carbonyl stretching band at 1743 cm™. Additionally, the extract contains aliphatic C—H
groups, manifested as a doublet at 2937-2856 cm ™ [18], as shown in Fig. 1.

When compared with the parent compound (R1 POG), of the synthesized nanoparticles (R2 POG)
reveals a significant shift in the phenolic O—H stretching band from 3394 cm™ to 3263 cm™. When
compared with the parent compound (R1 POG), the FT IR spectrum of the synthesized nanoparticles
(R2 POQG) reveals a significant shift in the phenolic O—H stretching band from 3394 cm™ to 3263 cm™.
This shift indicates the involvement of phenolic hydroxyl groups in the reduction of Ag* ions and their
subsequent coordination with the nanoparticle surface via the formation of Ag—O bonds, which contributes
to the stabilization of the nanoparticles. Additionally, the carbonyl C=0 stretching band shifts from 1743
cm ' in R1 to 1643 cm™ in R2, suggesting partial oxidation of phenolic compounds to quinone structures
during the reduction of Ag* to Ag®. The remaining characteristic bands retained their original positions:
the aromatic C—H stretching vibration appears at 3024 cm™, while the aromatic C=C stretching vibration
is observed at 1566 cm™, confirming that the aromatic framework remained intact after nanoparticle
formation. The aliphatic C—H stretching band appears at 2920 cm™. These notable shifts, particularly for
the O—H and C=0 groups, confirm that the phenolic compounds in the extract serve a dual function: they
act as reducing agents by converting Ag* ions to Ag°® nanoparticles, and as stabilizing/capping agents by

preventing particle aggregation through surface coordination, as shown in Fig. 2.
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Fig. 3. XRD for (R2 POG)

The X-ray diffraction (XRD) spectra of compound (R2 POG) showed that the angle value (20) =
29.385 degrees, the number of layers (n) = 9.3 nm, the interlayer distance (d) = 0.3037nm, and the grain
size reached (D) = 2.8 nm. These values are comparable to [19]. As shown in Fig. 3.

Morphological (FESEM) images of compound (R2 POG) were observed to show the following:
Particle distribution: Silver precipitates. This appears to result from the interaction, indicating the
formation of silver nanoparticles. Homogeneous distribution: this indicates that the extract and silver
nitrate have a strong bond, increasing the effectiveness of the application. Particle size: Small particles
may have properties enhanced by the nanostructure, enhancing antibiotics' effectiveness. Shape and
structure: changes in shape may indicate specific interactions between the chemicals, which could
improve the physical or chemical properties of the resulting particles. Diffusion: the distribution
of particles on the surface: This will impact the effectiveness of applications, such as catalysis or
biological reactions [20], as shown in Fig. 4.

Morphological images of the compound (R2 POG) using Atomic Force Microscopy (AFM),
in addition to the size and distribution of silver nanoparticles on the surface of the extract. Clear
undulating exfoliation (b) with volcanic nano-peaks and a change in (c) connecting the layers at the

edges of the layered aggregates (d). It is characterized by a parallel shape of the sheets and a uniform
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distribution of (a) on the edges and surfaces (b) with the appearance of some defects and cavities (c)

with the appearance of similar peaks in the shape (d) [21] as shown in Fig. 5.

Biological Activity
The antibacterial activity of the prepared compounds (R;POG) and (R,POG) at three

concentrations (50,100, 150) mg/ml of each against the three types of bacteria species
(Staphylococcus aureus, E. coli, and Pseudomonas aeruginosa) were shown in table (2) The
results indicated that the prepared compounds, with Nano particles have antibacterial activity
approach to the activity of pharmaceutical anti —biotics (Neomycin), The results of the inhibitory
activity of compounds (R;POG) and(R, POG) showed that they have varying effectiveness against
the studied bacteria, as the inhibition diameter was measured in mm. Compound (R; POG) showed
the highest effectiveness against E. coli bacteria at medium concentrations, as the inhibition
diameter reached about 33 mm. It also showed high effectiveness against low concentrations
of the same bacteria, as the inhibition diameter reached 31 mm [22, 23]. As for other bacteria,
whether Pseudomonas aeruginosa or Staphylococcus aureus, the effectiveness varied and was

less than it is in negative bacteria. This is attributed to the possibility of the effect being limited to
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certain types of bacteria and not most of them. As for compound (R, POG), it was distinguished
by its high effectiveness against the studied bacteria, even outperforming the antibiotic Neomycin,
which qualifies this compound as a future antibiotic based on its high effectiveness [24, 25]. It
demonstrated effectiveness against gram-negative bacteria E. coli at high concentrations, with
an inhibition diameter of 49 mm, compared to the antibiotic, which reached a diameter of 39 mm.
This is due to penetration of the negative cell membrane. Against Staphylococcus aureus bacteria,
compound (R, POG) demonstrated high inhibitory effectiveness at the high concentration, with a
diameter of 40 mm, surpassing the antibiotic, which gives an inhibition diameter of 33 mm [26, 27].
The compound (R2 POG) showed very high activity against Pseudomonas aeruginosa bacteria,
which are known for their high resistance to compounds, at all concentrations. The diameter of
the inhibition zone reached 48 mm at the high concentration, 38 mm at the medium concentration,
and 31 mm at the low concentration, thus exceeding the activity of the antibiotic, as this ratio does
not correspond to an increase in inhibition with increasing concentration. This may be attributed
to the fact that agar media are not only dependent on concentration but may also be affected by
the diffusion coefficient of the compound in the culture medium and its solubility and dispersion
rate. This is due to the compound possessing functional groups capable of penetrating the protein
membrane. For the cell, which indicates the possibility of using them as antibiotics due to their high
inhibitory capacity [28].
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Table 1. Antibacterial activity of the synthesized compounds (inhibition zone in mm)

Comp. No Conc. Staphylococcus E. coli Pseudqmonas
Mg/mL aureus aeruginosa
50 10 22 17
R, POG 100 20 33 13
150 15 31 19
50 30 31 31
R, POG 100 38 39 38
150 40 49 48
50 33 39 21
Neomycin 100 30 32 33
150 41 48 31
Conclusions

The primary objective of this study was to develop a rapid, cost-effective, and eco-friendly method
for the biosynthesis of silver nanoparticles using medicinal plants native to Iraq. The biosynthesized
nanoparticles are inexpensive and environmentally benign, with significant potential for a broad
spectrum of safe biomedical applications. The synthesized Ag NPs were thoroughly characterized
using X-ray diffraction (XRD), which confirmed their crystalline nature with a face-centered cubic
structure characteristic of metallic silver. Morphological and topographical analyses were performed
using field-emission scanning electron microscopy (FESEM) and atomic force microscopy (AFM),
while Fourier-transform infrared (FTIR) spectroscopy identified the key functional groups involved in
the reduction and stabilization processes. The synthesis protocol is straightforward, cost-effective, and
affords a high yield of nanoparticles, underscoring its scalability for future pharmaceutical applications.
The antibacterial efficacy of the biosynthesized Ag NPs was evaluated against clinically relevant Gram-
positive (Staphylococcus aureus) and Gram-negative (Escherichia coli and Pseudomonas aeruginosa)

bacterial strains, using the standard antibiotic neomycin as a positive control.
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Abstract. The work is devoted to the study of the chemical structure and sorption properties of lignin
isolated from the stems of industrial cannabis (Cannabis sativa) in relation to the radionuclide uranium-238.
Lignin was obtained as a result of alkaline cooking of raw materials, followed by precipitation from black
liquor. The structure of the biopolymer was studied by IR-Fourier and 2D-NMR spectroscopy. It was
found that the studied lignin belongs to the guaiacyl-syringyl-p-coumar type (GSH). A unique feature
of its chemical structure was revealed: an abnormally low content of 3-O-4-ether bonds (22.8 %) and the
dominance of pinoresinol structures (B-8), the number of which reaches 62.2 %. The study of sorption
capacity under in vitro conditions simulating the environment of the gastrointestinal tract (38 °C; pH 2,
6 and 8) showed that hemp lignin has a high primary adsorption of uranium-238 (about 90 %). The index
of strong adsorption after two stages of desorption was 63.5 %, which makes it possible to consider this
material as a promising basis for enterosorption preparations designed to remove radionuclides from

the gastrointestinal tract of mammals.
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AZCOpOeHT Jisl M3BJICYCHUS YPaHa-238 3 BOAHBIX cpej

HA OCHOBE JIUTHHMHA U3 TEXHNYECKON KOHOILJIHN

JI. C. KoueBa?, A.II. Kapmanos®, H.T. Paukosa®,

A.B. Bypacko®, B. A. Beasit", O. 0. /lepkauyeBa”
“Uncmumym eeonoeuu PUL] Komu HI] YpO PAH
Poccuiickas ®edepayus, Coikmulekap

*Unemumym buonozuu OUL] Komu HL] YpO PAH
Poccuiickas ®edepayus, Coikmulgkap

¢Ypanvckuti cocyoapcmeentblil 1ecomexHuiecKull yHugepcumen
Poccuiickas ®@edepayus, Examepunodype

Uncmumym xumuu QUL Komu HL] YpO PAH
Poccuiickas ®edepayus, Coikmulgkap

°Boicwas wixona mexnonoauu u snepzemuxu CII6IYIIT
Poccuiickas ®eoepayus, Cankm-Ilemepbype

AnHoTanmsi. Pabora mocBsIIeHa HCCIENOBAHUIO XUMHUYECKOW CTPYKTYPBl M COPOLIMOHHBIX CBOMCTB
JIUTHHUHA, BBIIETIEHHOT 0 13 cTe0uiei Tex Hn4eckoi koHoru (Cannabis sativa), B OTHOIIEHUH PATUOHYKITHIA
ypana-238. JIUrHUH moydany B pe3ysibraTe MICNIOYHOM BAPKH CBHIPHS C MOCIEAYIONIMM OCaXJICHHEM
n3 yepHoro menoka. Ctpoenue Onononumepa n3ydanu merogamu MK-®ypoe- u 2D-SIMP-cniekrpockonum.
YcTaHOBIIEHO, YTO HUCCIIEYEMBIH JINTHUH OTHOCHUTCS K I'BAasLIMII-CHPHHTHII-p-KyMapoBoMy Tumy (GSH).
BrisiBiieHa yHHMKaJbHAsE OCOOGHHOCTh €0 XMMHYECKOW CTPYKTYPbI: aHOMAJIbHO HU3KOE COJIEpIKaHUEe
B-O-4-3¢pupnbIx cBszeit (22,8 %) 1 TOMUHHPOBaHNE NMUHOPE3NHOIBHBIX CTPYKTYp (B-f), KomuuecTBo
KOTOPBIX jlocTHraet 62,2 %. 3yuenne copOLMOHHON CIIOCOOHOCTH B YCIIOBUSIX i1 Vitro, MOAGIUPYIOIINX
cpeny *xenyouHo-kumregHoro TpakTa (38 °C; pH 2, 6 u 8), mokazasno, 4To KOHOILISIHBIN JTUTHUH 001a1aeT
BBICOKOM TEPBUYHON ancopoOuueit ypana-238 (oxosio 90 %). Ilokaszarens mpovHOW aacopOLuu Mmocie
JIBYX CTaguil necopOruu coctaBui 63,5 %, 4TO IMO3BOJNSET paccMaTpuBaTh AAaHHBIM MaTepHai Kak
MEPCHEKTUBHYI0 OCHOBY JUIsS SHTEPOCOPOLMOHHBIX MNpENaparoB, IPEIHA3HAYECHHBIX JJIsl BbIBEICHHS

PAAUOHYKIIMAOB U3 KCITYJOUHO-KUIIETHOT'O TPAKTAa MJICKOIIUTAIOIIUX.

KuroueBble cjI0Ba: TeXHUYECKAsl KOHOIUIS, JINTHUH, ypaH-238, ajcopOius, XMMHUYEcKas CTPYKTypa.
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BBenenne

B ycnoBusix OopHEHTAlMM NMPOMBIIUIEHHOCTH Ha YCTOWYMBOE pa3BUTHE PAacTET MHTEpeC K Ha-
TYpaJbHBIM BOJIOKHAM, BKIJTFOUAs [EJLTIONO03Y, TIOIYYaeMyI0 U3 HEPEBECHOTO PACTUTEIIHHOTO CHIPBSL.
TexHMYECKast KOHOILIS IO ONIPEACTICHUIO HEKOTOPBIX MEX/YHAPOAHBIX SKCIIEPTOB CTAHOBUTCS OHOMN
n3 rnaBHbIX KyasTyp XXI Beka [1]. OTo onpexnensercss BBICOKOH CKOPOCTBIO POCTa 3TOr0 pacTEHUS
U BBICOKOM YPO’KaHOCTBIO, YTO TIO3BOISIET CYUTATH KOHOILITIO MIEPCIEKTUBHBIM HCTOYHHUKOM BBICOKO-
KaueCTBEHHON LeJUTroN036l [2]. [T1aBHOM TEXHOJOTHYECKON CTaaueil JIFOOBIX CIIOCOOOB IONYUYCHUS
LEJUTIONIO3bI SIBJISETCS NeIMTHU(UKALNS PACTUTENILHOIO ChIPbSl M, COOTBETCTBEHHO, 00pa3oBaHUE
OCHOBHOT'O TIOOOYHOT'O MPOAYKTA — TEXHIHYECKOT0 TUTHUHA. [locienHmit mpeacTaBiseT co00i cox-
HOE XMMHYECKOE BELIECTBO, KOTOPOE SIBJISIETCS] LIGHHBIM apoOMaTHYeCKUM OHOmosumMepoM. Makpo-
MOJICKYJIBI INTHUHA IMOCTPOSHBI N3 MOHOMEPHBIX EIMHUI] — MOHOJIUTHOJIOB TPEX OCHOBHBIX THIIOB!
reasibHOrO (G), cupurruibHoro (S) u n-kymaposoro (H). XapakTepHoii 0COOCHHOCTBIO TUTHUHOB
KaK TOJTMMEPOB SIBISCTCS MHOTOOOpa3ne XUMHUYSCKUX CBSI3EH MEKIY CTPYKTYPHBIMH CIHHHIIAMH.
[IpeoGiagaronum THIIOM MEKMOHOMEPHBIX CBsI3€H B 9TOM MOJIUMEpE sBJsieTcs CBsi3b B-O-4, popmu-
pyromas CTPYKTY Pl aJIKUJI-apIIIOBBIX (DHUPOB. YCTAHOBIICHO TAaK)Ke HAMYHE TAaKUX CBs3eH, Kak -5
(pennnkymapaHoBasi CTPyKTypa), B-B (IMHOpPE3UHONIbHAS CTPYKTYpa), S—5 (A10eH30AHMOKCOIMHBI),
B-1 (ctmponueHOHBI) U PSI APYTUX CTPYKTYPHBIX AIIEMEHTOB. TakuM 00pa3oM, MaKpOMOJICKYIIa JIUT-
HHUHOB MOXET PACCMaTPUBATHCS KaK COBOKYITHOCTH AMJIMTHOJIOB PA3IMYHOTO THIIA, TPHYEM Kax AbIH
0OTaHWYCCKUU BUJ TUTHIHA XapaKTePU3YEeTCsI CBOMM YHUKAJIBHBIM HA0OPOM CTPYKTYPHBIX dIIEMCH-
TOB [3]. JIMTHUHBI MOT'YT OBITH MCIOJIB30BAHBI ISl CO3/IaHUS 1IEJIOTr0 Psifa LEHHBIX OMOJIOrHYECKU
AKTHBHBIX IPEMapaToB, BKIOYas aHTUOKCHIAHTHI U SHTEPOCOpPOEHTHI [4]. YrmyOieHHOe U3ydYeHne
TEXHUYECKHUX JINTHUHOB U3 KOHOILIU SIBJISETCS B HACTOSAIIEE BPeMs HACYIIHOW HEOOXOAMMOCTEIO, TO-
CKONIBKY HMH(OpManus 00 UX CTPYKTYpEe MO3BOIUT HAHTH HOBBIE c(Pephl MPAKTUIESCKOTO HCIIOIB30-
BaHUS ITOr0 MOOOYHOrO MPOAYKTA IPOU3BOJICTBA EIUIFOJIO3bI M TIOBBICUTh PEHTA0CIBbHOCTh IIPOU3-
BOZCTBEHHOT O Ipouecca [5].

C npyTroii CTOPOHBI, MPOAOIIKAIOIIEeCs pa3BUTHE aTOMHON 3HEPTreTHKHU 00yCIOBIMBAET POCT JI0-
OBIYM ypaHa BO BCEM MUPE, YTO HETATUBHO BIIUSIET HA 3KOJIOTHIO, TOCKOJIBKY CBS3aHO C TIONa aHHEM
Ha JTHEBHYIO MOBEPXHOCTh 3eMJIM M30BITOUHOIO KOJUYECTBA PAAHOHYKIIMOB €CTECTBEHHOIO IPO-
HCXOXKICHUS, B YACTHOCTH ypaHa-238. OOBIYHO €T0 KOHIICHTPALHS B IPUPOTHBIX BOIAX COCTABISCT
10—1-10 MKI/11, HO MOXKET JOCTUTaTh U 00JIee BHICOKUX TOKa3aTesiel [6]. [IpupoaHbie U aHTPOIOTeH-
HBIC MPOIIECCHI, OKA3hIBAIOIINE BO3NICHCTBIEC HA MUTPAIMIO YpaHa, €T0 PACTBOPEHUE M OCAXICHHE
B MTOYBEHHBIX M BOJHBIX CUCTEMAaX, MOTYT SIBIATHCSA MPUUNHON 3arpsA3HEHUS TOBEPXHOCTHBIX BOJO-
HOCHBIX TOPU30HTOB. B KOHEYHOM UTOTE 3TO IPUBOAUT K TONAaHUIO ypaHa-238 B MUIIEBEIC [IEMIOY-
KM, 3aKJIIOYMTEIbHBIM 3BEHOM KOTOPBIX SIBJISIETCSl YEJOBEK. be3ycioBHO, 3TO mpeacTaBisieT co0oii

CCPLE3HYIO YI'pO3y AJId 3A0POBbA UCIIOBCKA, OKAa3bIBast ACCTPYKTHUBHOC BOBﬂCﬁCTBHG Ha BHYTPCHHUC
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OpraHbl U CIOCOOCTBYS Pa3BUTHUIO OHKOJIOTHUECKUX 3a0oneBaHui. OTHUM U3 BapUAHTOB PELICHUS 3a-
Jla4y¥ 110 3aIIUTE OPraHU3Ma OT PACTBOPEHHBIX PaJMOHYKIIUIOB SBIISETCS UCIIOIb30BAaHUE COBPEMEH-
HBIX METOJIOB 3(h(hepeHTHON Tepanuu, KOTopasi HalpaBjieHa Ha BBIBE/ICHHE dK30T'CHHBIX SIIOBUTHIX
COeMHEHMH n3 xemyaouno-kumeyHoro Tpakra (JKKT). B atom ciryuae ne3akTuBamus BOAbI IPOUC-
XOZIUT B pe3ylbTaTe MepPOpaJbHOTO BBEICHHUS SJHTEpOCcOpOeHTOB. [ToMHMO cITOCOOHOCTH K TPOYHOMY
CBSI3BIBAHMIO ajicopOaTa B JaHHOM ciydyae TpeOyeTcst OTCyTCTBHE NMOOOYHBIX IEHCTBHH M Oe3omac-
HOCTb JUJIS CJIM3UCTHIX 000s10uek. Kpome Toro, BaykHbIMH TPEOOBAHHSIMHU K SHTEPOCOPOCHTAM SIBIISI-
FOTCSl UX DH3UMOPE3UCTEHTHOCTH U OJIarONpHsATHOE BIUSHUE HA KUIICYHYI0 MUKpOOHOTY. BceM aTum
TpeOOBaHUSIM OTBEYAIOT PACTUTENbHBIC MOTUMEPHI — TUTHUHEI [7]. K dnciay u3BecTHBIX mpemapa-
TOB HA OCHOBE JINTHUHA CJIEAYeT OTHECTH Noyn(enan u JakTOQUIBTPYM, KOTOPbIE N3TOTABIMBAIOT
U3 OTXOAOB THPOIU3ZHOTO MPOU3BOICTBA ITAHONA U3 IPEBECHBIX 0TX0A0B. OqHAKO HE UCKIIOYEHO,
YTO TEXHUYECKHE JINTHUHBI, TI0JIy4aeMble U3 TPABIHUCTBIX PACTCHNUH, MMEIOT OoJiee BHICOKHE COpO-
IMOHHBIE CBOMCTBA MO OTHOMICHUIO K PaJUOHYKINIAM. DTO BBI3BIBA€T HEOOXOJUMOCTH NMPOBEICHUS
JAJBHEHITNX MCCIeI0BaHUH SHTEPOCOPOIIMOHHBIX XapAKTEPUCTHUK JIUTHUHOB U3 HEJPEBECHOTO Chl-
pbs. JlanHast paboTa MOCBAIICHA UCCIIEAOBAHUIO XUMHUECKOW CTPYKTYPBI U COPOIIMOHHBIX CBOHCTB

muranHa koHorun Cannabis sativa B oTHoOIIeHHH ypaHa-238.

JKcHepuMeHTAIbHAS YacTh

Tonyuenue xononnanozo auenuna (L—Cn). B kauecTBe UCXOTHOTO ChIPbs ObliIa BIOpaHa TEXHHU-
yeckast KoHOIUTs ypoxkast 2024 1. (Kypranckast o6macts). CbIpb€ 3MeNb4ain B HOKEBOI MENbHHUIIE,
Jajee npocerBaiu U ppakuuo dnomarepuaia oosee 1,5 MM HCTIONB30BaTH s (IIEIOYHBIX) BAPOK.
KommoneHTHBIH cocTaB pacTUTeNbHON Oromaccsl (% 0T Macchl aOCOIIOTHO CyXOTO CHIPBS (a.c.C.) ObII
crenyromuii: nemtoso3a Kopiraepa-Xohdepa 56,7+1,0; muraus mo 'OCT 11960 21,7+0,2; skcTpak-
tuBHBIe BemecTBa o ['OCT 6841-1,9+0,2; 30ma — 1,1+0,1. Bapku nmpoBoamiin B aBTOKJIaBE 005EMOM
300 mi; pacxon menouu 24 % B en. Na,O k a.c.c.; ruapomonyns 1:15; temnepatypa Bapku 170 °C;
MoIbeM TeEMIEPATypbl 10 BapouHoit 40...45 MuH; nuutenbHOCTb Bapku — 120 muH. [1o okoHuaHuu Ba-
POK aBTOKJIaBBI OXJIAKIATH U OTACISIM YePHBIN IIeI0K. JINTHUH U3 11esIoKa BBIACSIN 0CaXKICHUEM
MIPH TIOAKUCICHUH COJSTHOM KucnoToi. OcaJok JIUTHUHA OT(QHIBTPOBBIBAIH, TPOMBIBATIN TOpsidei
BOJIOM 10 HEUTPaIbHOM PEaKLIMU U BBICYLIMBAJIM B BAKYYyM-dKCUKaTOpe. B skcniepuMeHTax 1o OLieHKe
a7ICOPOLIMOHHBIX CBOMCTB B OTHOIICHWM ypaHa-238 MCIIOIb30BAJIN TAK)KE CPABHUTEIBHBIN 00pasen
JIUTHUHA U3 CTBOJIOBOM YaCcTH NPEBOCTOS PsiOMHbI Sorbus aucuparia Bo3pactom 30 JIeT, MpoOU3pacTaB-
mel Ha TeppuTopuH YXTHHCKOrO paiioHa (PecryOnmka Komm). Ilpenapar auranHa BeIIEISIN CTaH-
nmapTHbIM MeToaoM [lernmnepa (o603nayenue L-Sb).

2D AMP-cnexmpockonus BEITIONHSIIACKH HAa clieKTpoMeTpe Bruker Avance 11 ¢ paboudeii wactoToit
300 MI'y muis nporonos (‘H) u 75 MI'u ns sigep yraepoaa (*C). O6pasen nurauHa ObUI pacTBOPEH
B nuMmeTmicyiabpokcuae-d6 (DMSO-d6). HSQC-cnekTp OblI oydeH ¢ NCIIOIb30BaHUEM CTaHIAPT-
HbIX npoueayp Bruker u cneayromux mapamerpos: TD: 4096/512, NS:18, AQ=0,6824436/0,0199497,
D 1=2 ¢, CNST2=145 I't. O6paboTKa 1 aHAIN3 JaHHBIX IPOBOAMIINCH ¢ ToMomIsio Topspin 2.1.

UK-cnexmpwr 3aniucanbl Ha UK-Dypee criekrpomerpe 1FS-25 (Bruker). CriekTpbl HOpMHpOBa-
JIMCh HA HHTErPaIbHOE NOIIOIEH e B 001acTu yacToT 700—1850 cm'.

Aocopbyuonnvie ceoticmea 06pasyos ¢ omuouwenuu ypana-238. VcciiemoBaHUe BBITOJHCHO

Ha 6a3e maboparopuu MUTpanuy pagronykinaoB u paanoxumun @UI[ Komu HII YpO PAH. Kak us-
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BecTHO, ypoBeHb pH B JKKT MOHOracTpHYHBIX JKHBOTHBIX U YeJIOBEKa H3MEHAETCS B HOpMeE OT 2 110 8.
CoOTBETCTBEHHO, IHTEPOCOPOEHTHI JIOJDKHBI paboTaTh M B KHCIION cpene »kenyaka (pH 2), u B mou-
TH HEUTpajabHOU cpene oTaena Tonkor kumku (pH 6-7), u B menounoit cpeae (pH 8) auctambHOrO
yuactka JKKT (B Toncroii kumke). B ¢Bs31 ¢ 3TUM Hallle HCCIIeIOBAHNUE in Vitro BKIIOYAJIO TPH dTama:
u3zMepeHue agcopounu ypana-238 npu pH 2 (mokaszarens A), olleHKa CTENEHHU BBIMBIBaHUS (JecopO-
nun) U-238 npu pH 6 (mokaszarens D)) n onenka necopounu npu pH 8 (mokasarens D,). [Tokasarens
NpoYHOH ascopOunu (Ar) OLEHHBAIIM HA OCHOBE CPaBHEHUS TIOKa3aTesell IepBoHaYaibHON aacopo-
LMW ¥ TOCJIEAYIOMHNX CTaJAui NecopOunu. YCIOBHUS HKCIEPUMEHTA HA MEPBOM dTale: KOHIEHTpa-
M BogHoro pacteopa Hutpara ypanuiaa UO,(NOs), 1,41 x107¢ r/mm, pH 2,0, Temneparypa 38 °C,
rugpomMonyis 1:20, BpeMs SKCro3unuu 4 4 IpH HENPEPHIBHOM BCTPSAXUBAaHUU (1ielikep). Ha BTopom
srane obpaser ¢ aacopOMPOBAHHBIM PAIUOHYKIHAOM 00pabaThiBad MUCTHULIMPOBAHHON BOIOW
(pH 6,8, Temmeparypa 38 °C, ruapomonyns 1:20, Bpems skcrniozuiuu 24 4). Ha Tperbem sTame 00-
pasell moABepraau aecopOuu ypaHa pactsopom xjopuaa Hatpust NaCl ¢ konunenrtparueit 0,89 %
(pH 8) mpu mpounx paBHBIX YCIOBHSX C MPEAbLAYIIEH cTaauel skcriepuMenTa. Ha kaxxaom srame
COpOLMH-IECOPOIIMH JKUAKYIO U TBepayio (assl oTmessutk QribTpoBanueM. CoaepkaHUe ypaHa
B (UIBTpATaX OMpPEIEIsUIN JTIOMUHECHEHTHBIM METOIOM C IpenesioM oOHapyxenus ~ 10~ rpamm
XHMHUYECKOr0 3JIeMeHTa Ha 1po0y. J[yist 3Toro u3 GuasTpaToB ero ocaxkaaiu B Buae GochaToB ypana
(IV) B IpuCyTCTBUM OKCHXJIOPUAA IUPKOHMS Kak coocanauTens. [oaydeHHbIH ocaloKk MpOKaIuBalIn
npu temneparype 800 °C u cMmemuBaiu ¢ GTopuaoM HATPHUsI, CMECh IIEPETHPAIH IO COCTOSIHUSI 110-
polIKa, U3 KOTOPOTO 3aTeM IOTOBHMJIM CUeTHBIE 00pasipl. OnpeneneHne KOHIEHTPAuN ypaHa JaH-
HBIM METOJIOM OCHOBAaHO Ha CPAaBHEHWU MHTCHCHBHOCTH WX CBEYEHHUS CO BCTPOCHHBIMU B IpPUOOD

OTaJIOHAMHU COACPIKAHUA ypaHa.

Pe3yabTaThl M 00CyKAEHUE

JIurHUHBI pacTeHUH pa3HbIX TAKCOHOMUYECKUX KJIACCOB MOTYT CYIIECTBEHHO OTINYATHCS JPYT
OT JIpyTa 10 XMMHYECKOMY COCTaBY, CTPOSHHIO MaKPOMOJIEKYN ¥ (PU3NKO-XHMHUYECKHM CBOHCTBAM
[3]. Ha HauanbHOM dTare McciaeoBaHKi JUTHUHA U3 KOHOIUTH ObLT ucnosib3oBaH metos MK-Dypbe-
cniekrpockonuu. [Tpu ananuze UK-cnekrpa odpasma L-Cn (puc. 1a) cienyer OTMETHTH HAJINYHE IIHU-
POKOI TIoJIOCH B anamnaszone 3650-3100 cm™!, 06ycnosnennoi BanenTHBIMU KoneGanusmu OH-rpymm,
BKJIIOYEHHBIX B BOJOPOAHYIO CBS3b. YUHUTHIBAS MOJIOKEHHE MAaKCUMyMa 3TOH IOJIOCH U €€ aCHMMe-
TPUYHOCTh, MOXKHO 3aKIIOYHUTh, YTO NOMUMO ajudarndeckux OH-rpyr, B 5TOM JUTHUHE TPUCYT-
CTBYET JJOCTAaTOYHO OOJIBIIOE KOJMYECTBO I'MIPOKCHIIOB (DEHOJIIEHOTO THIIA.

IMornouienue B auanazone 3000-2700 cm™! cBsazano ¢ BaseHTHbIME KojieOanusmu C—H-rpymm,
BXOJILIIMMH B METHUJIbHBIE U METHJICHOBBIC T'pyNIbl. [IpucyTcTBHE B CTPYKTYpE UCCIETyeMOro JIMT-
HHMHA 3TUX TPy MOATBEPKAAETCS HATMIUEM CIEKTPAIBHON TOJOCH ¢ MaKCUMyMOM TipH 1460cm!
(puc. 10), oOycnoBieHHOH ne()OPMALMOHHBIMA aHTUCHMMETpUYHBIMU KojeOanusimu CHs- u HOX-
Hu9IHBIME Konebanusmu CH,-rpyrm, a Takke MpUCyTCTBHEM MHKa 1424 ¢!, CBSI3aHHOTO O CKemeT-
HBIMH KOJI€OaHMsIMHM apOMaTHYECKOTro KOJIbLa U HOKHUYHBIMU KoneOaHusimu CH,. Hanbonee Bax-
HbI€ I10JIOCHI MOTJIOLIECHUSI, OTPaXKarolie apoMaTHIecKyto npupoay odpasua L—Cn, npeacraBieHsl
curHasamu ¢ Makcumymamu npu 1600 u 1512 cm!. Tlociennss monoca 4yacTo BHIOMPAeTcs B Kaue-
CTBE 3TAJIOHHOW MPHU pacyeTe OTHOCUTEIbHOW MHTCHCUBHOCTH BCEX OCTAIBHBIX MOJOC MOTJIOMICHHUS

UK-cniexkTpoB nuranaoB. Ha crektpe L-Cn MOXXHO OOHapyXHTh CHTHAJbI, CBUACTEIbCTBYIOIINE
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Puc 1. UK-cniexktp o6pasua nuranna L-Cn B auanazonax yactor 3800-2700 cm! (a) u 1900-700 cm™'(6)

Fig 1. The IR spectrum of the L—Cn lignin sample in the frequency ranges 38002700 cm-1 (a) and 1900-700
cm-1(b)

0 HAJIMYHMH MOHOJHUTHOJIOB BCEX TPEX OCHOBHBIX THUIOB: I'BasuUIbHBIX (G), CHpUHTHIBHBIX (S) U p-
kymapoBoBbix (H). Tak, mojoca norsiomenus ¢ MakcuMyMoMm ripu 1121 cm™! cs3ana ¢ koneGaHusMu
cupuHruneHoro konsua [9]. Ilneuo mpu 1158 cm™! 06ycnosneno aeopManMOHHBIMU KOJIEOaHUAMU
C-H B crpykrypax H-tumna, a nonoca 822 ¢cm™! cCBHIETENBCTBYET O HAJIHYUH CTPYKTYP TBasILUIBLHOTO
tuna. [Ipucyrcreue G-CTpyKTyp TMOATBEPKAAETCS TAKXKE CUIIBHOM monocoi mpu 1269 cm; momoca
npu 1326 cm! ykaseiBaeT Ha HaJIMYMe B MAKPOMOJIEKYJIAX HTOrO JIUTHUHA S-CTPYKTYp. Tlocnenusis
nosioca GOpPMHUPYETCs B pe3yJIbTaTe MI0CKOCTHOM AehopMaliiy CHPUHTHIIBHOTO KOJIbIA ¥ KoJIeOaH i
cBsa3u Cyp-O B METOKCHIIEHOM Tpynne [8]

[Momumo nHpopmanu 0 KOMIIO3UITMHOHHOM cocTaBe MK-criekTpbl 1I03BOJISIIOT BBISIBUTH JJAHHBIC
o pyHkmoHaNBHBIX rpynnax. Tak, nonoca 1718 cm! oOycionena BanenTHbiMU Kosiebanusmu C=0
CBA3M B HECOMPSDKEHHBIX KETOHAX, KAPOOHMJIBHBIX U KapOOKCHIIBHBIX Tpymnax. [lnedo mpu 1376 cum™!
00BsicHsIeTCSl HAJIMYMEeM (PEeHOIBHON TpymIbl, 00pa3yromelcst B pe3yIbraTe YaCTHYHOTO paciierie-
Hust 0-O-4'u B-O-4'-cBsi3u. Ciabasi ”HTEHCUBHOCTH 3TOT0 CUT'HAJIA CBUJIETENIBCTBYET O TOM, UTO IIPH-

MEHSIEMBII METOA BbIACJICHUS JIMTHUHA U3 KOHOIIJIN HE IPUBEII K CYIICCTBECHHOMY PAa3pbIBY 3(1)I/IPHBIX
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cBsizeil B ero mMakpomouiekynax. M3 ocobennocreit MK-crniekrpa atoro marepuaia HeoOXOAMMO OT-
MEeTHUTh Hanuuue rieda npu 982 em!, uto roBoput o 3ameTHoM KonuuecTe Tpanc-HC=CH casi3eit
B aJIKWJIBHBIX Iernoukax. C yu4eToM BCeX HAOI0IaeMbIX OJIOC HCCICIyeMbIH 00pasell CieayeT OTHE-
ctu K nuriuHaMm GSH-tuna. PacueTsl, npoBeaeHHbIE IO METOAMKE [9], TO3BOJIMIIN PaCCUUTATh OTHO-
CUTEIbHOE KOJUYECTBO CTPYKTYPHBIX €IMHUI] pa3JIUYHOTO THIA. YCTAHOBJIEHO, YTO B 9TOM JIUTHUHE
u3 KoHoru yucio G-enuuun cocrasisier 61,0 %, yucno S-enuuui pasHo 36,3 %, a H-egunun —

2,7 % (tabx. 1). [Ipeobnaganue rBasiIBHBIX CTPYKTYP B KOHOIUISTHBIX JTUTHUHAX MOJTBEPKIAeTCS

Ta6muua 1. KonmngectBo S-, G- u H-enuHAL 10 TaHHBIM CHEKTPAJIBHBIX UCCICIOBAHUN

Table 1. The number of S-, G- and H-units according to spectral research data

OGpasen MeToms: CTpYKTYpHBIEC €AMHULIBI
G S H S/G
L-Cn HKC 61,0 36,3 2,7 0,60
L-Cn 2D-SAMP 49,9 39,9 10,2 0,79
Jlurann Cannabis sativa * IIXMC 41 30 29 0,73

* CormacHo [11].

auTeparypHbIMU JaHHBIMU [10]. OueBHIHO, YTO MCCIETYyEeMBIH MOIUMEp SBISETCS THIIHYHBIM 00-
pasnoM rBasMI-CHPUHTUI-N-KyMapoOBOIro THUIIA, BECbMa ITOX0KUM Ha JINTHUHBI 371aKOBBIX PaCTEHUN
13 MIIEHUIIBI, OBCa ¥ pyku. HanmprMep, TUTHKH, BBIACICHHBINA U3 COJIOMBI PJKU XapaKTepHU3yeTcs clie-
JYIOIAM KOMITO3UIIMOHHBIM cocTaBoM: G 45 %, S 31 %, H 24 % [11].

2D-AMP cnekTpockonusi MO3BONSET MOJYYUTh AONOITHUTENBHBIE CBEACHUS O XHMHYECKOU
ctpykrype nurauaa L—Cn. Ha cnextpe 2D HSQC SIMP BbisiBIIeHBI XapaKTE€pHbIC CUTHAJIBI Pa3Iny-
HBIX apOMAaTHUYECKUX U aJIKIJIBHBIX ()parMEHTOB MaKpOMOJIEKYJI TMrHUHA. Ha puc. 2a npencrasneHa
obnacte HSQC cnektpa 6C/0H 50-90 / 2.0-6.0 M.A. ¢ cUrHaNaMu KUCIOPOACOAepKAIIMX adudaTu-
YecKkHux (parMeHToB TUTrHHHA. AHanu3 cekTpoB HSQC B 3T0it obnactu (Tadi. 2) cBUAECTEIBCTBYET
0 HAJIMYHUH HECKOJIBKUX THIIOB MEKMOHOMEPHBIX CBA3€H B MAKPOMOJIEKYJIaX UCCIIEAYyEeMOT0 JINTHHUHA.

Kak nokaspIBaeT aHaJIN3, CHTHAJIBI aTOMOB 0., 3 1 Y TIOJIOXKEHUH THHOPE3MHOJIBHOTO THIIA 3aMET-
HO MHTCHCHBHEE COOTBETCTBYIOIIMX CUTHAIOB B-O-4 cTpykTypHbIX eaunuil (001acTs 6C 80—85 m.n.
n 6H 4.0—4.8 m.1.). CoryiacHO MOJTYyYCHHBIM JaHHBIM, PACCUNTAHHBIM 110 MHTETPAJILHOI NWHTEHCUB-
HOCTH COOTBETCTBYIOIIMX CHTHAJIOB (Ta0I. 2), KOJIMYECTBO CTPYKTYp THIIA A COCTaBIsiET BCero 22,
8 % (tabm. 3). Jlns cpaBHEHMS B JIMTHUHAX APEBECHBIX MOpoj kosnndectBo B-O-4 nocturaer 70 %,
a B TPaBAHUCTHIX JINTHUHAX OHO MOKeT mpeBbImaTh 90 % [14]. MoXHO mpeanoIokKUTh, YTO CTOIb
HU3KOE KOJIMYECTBO APUPHBIX CBsi3eil B inrHuHe L—Cn sBiisieTcst pe3yabTaToM JeCTPYKTHBHBIX IPO-
IIECCOB B XOJI€ IIETOYHON BapKH PACTUTENBHOTO ChIpbi. OMHAKO 3TOMY IPOTHBOPEUAT Pe3yIbTaThl
CPaBHUTEJIBHBIX MCCIEeNOBAaHUI [12] MIICHWYHBIX JTUTHUHOB, BBIJICIICHHBIX IIEJIOYHBIM U SH3MMATH-
yeckuM Metonamu. Kak BuaHO U3 Tadi. 3, ykazaHHble 00pa3iibl JUTHUHOB MaJI0 OTIMYAIHUChH JIPYT
OT Apyra 1o KonuuecTBy -O-4 CTPyKTYPHBIX €IUHUL. AHAJIOTHYHBIN PE3ybTaT MOJIy4eH B paboTe
[13], u3 KOTOPO# CJEAYET, YTO JINTHUH MOJIOTON JPEBECHHBI U CyJib(ATHBIH COCHOBBIM JINTHUH CO-

JIep>Kalii COOTBETCTBEHHO 58,6 1 55,9 % CTpyKTypHBIX ()parMeHTOB 3TOrO THUMA. DTH MPUMEPHI T0-
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cBsi3eil (a) u apomMaTtudeckux cTpykTyp (b).

Fig. 2. Structural units and 2D HSQC NMR spectra of the L—Cn lignin sample for the region of ether bonds (a)

and aromatic structures (b)

Tabnuua 2. OtHecenue koppensunoHHbx curHanos dC/0H na HSQC cnextpe L—Cn

Table 2. Correlation of 3C/3H correlation signals on the HSQC spectrum of L-Cn

VcenoBHOE 0003HAUYEHHE OH / 6C, m. 1. OTHeceHnne

Cp 54.3/3.11 Cy/Hg B tunopesunosne (C)
Bg 54.9/3.54 Cyp/Hg B pennnxymapane (B)

OMe 56.3/3.8 CH; METOKCHUIIBHEIX TPy
A, 60.6/3.41 C,/H, B B-O-4 ankun-apunsHoit 3pupHOil cBa3u (A)
I 62.0/4.15 C,/H, xopuuHoro criupra (I)
B, 62.2/3.67 C,/H, B penunxymapane (B)
A, 71.5/4.88 C./H, B B-O-4 ankumi-apuibHo# 2pupHO cBs3H (A)
Cy 71.7/4.22,3.82 C,/H, B nunopesunone (C)
B, 87.2/5.5 C./H, B penunkymapane (B)
C, 85.7/4.68 C,/H, B nunopesunoie (C)

Alg) 81.9/4.80 Cy/Hp B y-anerunupoBaHHbIX B-O-4 (A')

Apan 83.0/4.37 Cy/Hp B B-O-4 (A)

Ap) 84.8/4.31 Cy/Hp B B-O-4 (A)

Ags) 86.9 /4.13 Cy/Hp B B-O-4 (A)

PG, 74.1/4.43 C./H, benunnrauuepuna (PG)

PGg 75.8/3.55 Cyp/Hp pennnrnunepuna (PG)

PG, 63.5/34 C,/H, denunrnuuepuna (PG)
X 102.4/4.34 Ci/H; B-D-kcunonupanossr (X)
X, 73.2/3.12 C,/H; B-D-xcumonupanossl (X)
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Ta6numna 2. [IpogomkeHue

Table 2. Continued

VcenoBHOE 0003HaUEHHE 0H / 6C, m.1. OrHecenne
X3 74.5/3.34 C;/H; B-D-kcunonupanossr (X)
X4 76.0/3.59 C4/H4 B-D-kcunonupanossr (X)
Xs 63.5/3.50 Cs/Hs B-D-kcunonupano3ssi (X)
X3 73.2/4.55 Ci/H; 3-/2-O-anetun-B-D- kcumonupaHo3bt
Sa6 104.0 / 6.65 C, ¢/Hs ¢ cupuHrmibHbIx eauHuL (S)
S 107.5/7.24 C,¢/Hz 6 0=0 cupuHTruiIbHBIC eIUHULBI (S')
G, 111.0/ 6.94 C,/H; rasiunphbix enuuuil (G)
G, 112.9/7.52 C,/H; 0=0 rasiuunapubie equHuib (G')
Gs 115.8/6.79 Cs/Hs reasuuasabix equaull (G)
Gy 119.2 / 6.80 Cy/Hg rBasinmibabix enquuauil (G)
FA, 111.0/7.43 C,/H, dpepynosoii kucaotsl (FA)
H; s 114.5/ 6.45 C; s/Hs 5 napa-runpoxcnpennnbubix equan (H)
FAg 115.4/6.49 Cy/Hg depynopoii kucnotsl (FA)
FA¢ 123.5/7.55 Co/Hg depymnooit kucnotsl (FA)
Hs e 128.7/7.23 C,.6/H, 6 napa-runpoxcudennnsusix exuaui (H)
I, 129.5/6.47 Co/H, xopuuanoro crupra (I)
Ig 128.0 /6.35 Cy/Hg xopuunoro crnupra (1)
FA, 144.1/7.62 Co/H, depynosoii kucaots (FA)

Ka3bIBAIOT, YTO B YCJIOBUSX IIEIOYHBIX BAPOK B-aIKNI-apuiI-3(UPHBIC CBSI3U MOTYT OBITH I0CTaTOYHO
ycToiuuBbIMU. McX0/1s1 U3 BhINIEYKa3aHHOTO, MOYKHO KOHCTATHPOBATh TAKYI0 YHUKAJIbHYIO 0COOCH-
HOCTH KOHOIUJISTHOTO JIMTHWHA, KaK OYeHb HU3KOe KoundecTBO -O-4 cTpyKTYpHBIX equHuI. Jlur-
HUH U3 KOHOIUIM UMEET elI€ OJHY CIeUU(HUKY, KOTOpas MPOSBISETCS B 3HAYUTEIHHOM KOJIMYECTBE
MTMHOPE3UHOJBHBIX CTPYKTYp THMA B-f, nocturatomem 62 %. s cpaBHEHUS: B IPYTUX JIUTHHHAX
GSH-Tuna KoJIM4ecTBO MUHOPE3UHOIBHBIX CTPYKTYP He npeBbinaet 10 % [14, 15]. Takum o6pazom,
JeTanbHbli aHaN3 SIMP-CIeKTpoB O3B0 OOHAPYKUTh YHUKAIBHBIE XapaKTePUCTHKHU JINTHUHA
KOHOTUTH. [ TaBHOI 0COOEHHOCTHIO €r0 MaKpOMOJICKYT SIBJISIETCSA JOMUHUPOBAHUE THHOPE3UHOIBHBIX
ctpykryp (C), a He P-ankui-apuia-3GUpPHBIX CTPYKTYp THIA A, KakK B JUTHUHAX JAPYTHUX PACTCHUH
(Tabm. 3).

2D-AAMP-crieKTpOoCKOIHs IMO3BOJISACT TONXYYUTH WHPOPMAIMIO U O TCPMHHAIBHBIX TpyIIax
Makpomouiekynl. Tak, B KauecTBE OZHOTO M3 BapUAaHTOB KOHIIEBHIX 3BEHBEB MAKPOMOJIEKYJ TUTHUHA
KOHOILJIM MOTYT BBICTYNAaTh CTPYKTYpbI (peHmIrmmueprta. Vx Haaudnue moaTBEpKAAeTCsl KaK CHT-
HaJaMH aTOMOB IIPOIMAHOBOM IEMOYKH o, B U y mojoxeHnui [16] Ha cnektpe HSQC, tak u kpocc-
koppemnsinusimu Ha ciekTpax HMBC (8C PGa. / 6H Gy: 74.1/6.68 m.1., 6C PGa. / 6H PGy: 74.1/3.4 m.11.)
u COSY (4.43 / 3.55 m.x., 3.55 / 3.40 m.1.). Kpome Toro, ucciieayemslii nmpenapar JUTHAHA COACP-
KUT 3HAUYUTEIIBHOE KOJIMYECTBO 3BEHBEB f-D-kcmonupano3sl (X). XapakTepHble CHUTHAJIBI [-
D-kcusonupaHo3bl Ha puc. 2a 0603HaueHb! Kak: X, (0C/O0H 73.2/3.12 m.1.), X5 (0C/0H 74.5/3.34 m.11.),

n X4 (0C/0H 76.0 / 3.59 m.z1.). [IpucyTcTBHE N MHTEHCUBHOCTH 3TUX CHUTHAJOB YKa3bIBaIOT Ha TO, YTO
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Tabnuua 3. KomnuecTBO CTPYKTYpPHBIX €AMHHUIl PA3JIMYHBIX THIIOB 10 pe3ynbraraM uHTerpuposanus C/H

koppensauuoHHbx curnanos HSQC cnekrpa,%

Table 3. Number of structural units of various types based on the results of integration of C/N correlation signals

of the HSQC spectrum,%

Obpasen A (B-O-4) B (B-5) C(B-p
L-Cn 22,8 15,0 62,2
JIuraun nmenunsl Triticum™ 90,6/96,9 0,87/0 8,6/3,1
JIurauH cocHbl Pinus** 55,94/58,62 20,28/27,59 17,48/13,79

* Cornacto [13]. B uncnurene naHHbIe JUJIs LIEIOYHOT0, B 3HAMEHATEIIE JIJIS MAJIOM3MEHEHHOT O IMTHUHA
** CornacHo [14]. B uncnurene naHHble Uil Cyab(haTHOTO JIUTHUHA, B 3HaMeHatene 11t JIMJ{

KCHJIaH, M0-BUIUMOMY, KOBAJIEHTHO COCIMHEH C MaKpPOMOJICKYJIOW, 4TO 3aTPYy/HSET €ro yJaajeHue
B IIpoIecce NeTUTrHAu(UKALINH.

Oco0blif HHTEPEC MPeACTaBIsICT HHGOPMALIKSI O KOJTUISCTBEHHOM PACIIPEICICHUH MOHOMEPHBIX
CTPYKTYPHBIX eIUHHI] (MOHOJIUTHOJIOB) pa3IN4HbIX THIOB. B o6mactu apomaruku (H / 6C 5,5-9,0 /
95-160 M./1.) BBISIBJICHBI CUT'HAJIBI TBASIIIMIIbHBIX, CAPHHTUIIBHBIX H P-KyMapoOBBIX CTPYKTYP (puc. 2b).
[Tyrem MHTErpupoOBaHMS CUI'HAJIOB OBLIN IOJYYEHBI JAHHBIC O KOJIMYECTBE ATHX (PEHMIIIIPOIIAHOBBIX
equnui. CormacHo pacueram, uncio G-enuHuIl coctaBisieT 49.9 %, xonuuecTBo S-eAMHUIL PAaBHO
39.9 %, a H-equnun —10.2 % (taban. 1). Takum oOpaszom, pesynsrarsel 2D-IMP BrnonHe cornacyroTcs
¢ pesynbraramu 1o MK-®ypbe-criekTpocKonuu, CBUAETEIbCTBYIOIIMMHA O TOM, YTO HCCIIENYyEeMBbIi
obpazenr L-Cn otHocutest k murauHamM GSH-Tuma ¢ npeoOiaganueM rBasiquIbHBIX €IMHHI (TIOKa-
3arenb S/G paser 0.79). DTOT BbIBOJ HE MPOTHBOPEYHT PE3yJIbTaTaM paHee MPOBEACHHOTO HCCIICI0-
BaHUS JINTHUHA KOHOILIH [11] ¢ MCIIOIB30BaHUEM MUPOIUTHYECKOH XpOMATO-MaCC-CIIEKTPOMETPUHI
(ITXMC), cornacHo kotopsiM nokasarensb S/G pasen 0.73.

HWrak, ucciegoBaHre XMMHYECKOH CTPYKTYPbI INTHUHA KOHOIIIIN CBH/IETEIIBCTBYET 00 YHUKAIb-
HOM CTPOEHHH ITOro OHOMOJIMMEpPa C TOYKH 3PEHUS KOJIMYECTBEHHOI'0 HaO0pa OCHOBHBIX JMMEPHBIX
3JIEMEHTOB: P-aJIKMI-apriI-3QUPHBIX CTPYKTYP, THHOPE3NHOJIOB ¥ (PEHUIKYMapaHOB. B cBsi3n ¢ 3TUM
BO3HHMKAET BOIIPOC O MpaKTHUYeCcKoi 3HaunmocTh Jurinna L—Cn. Kak cBueTenbCcTByeT aHAIN3 JIU-
TEpaTypHBIX AAHHBIX, IPENapaTsl Pa3IMYHBIX JINTHHHOB 00JIaJal0T XOPOUIMMH aJICOPOIIHOHHBIMHU
CBOMCTBAMH M IPEJACTABJISIOT MHTEPEC KaK MOTCHIMAJIbHBIE SHTEPOCOPOSHTHI PAa3JIMYHBIX TOKCH-
KaHTOB. B ciienytomem paszzeine ctaTbd MPEACTABICHBI PE3YIbTAaThl COPOIIMOHHBIX AKCIIEPUMEHTOB
0 U3BJICYCHUIO MUKPOKOJINYECTB ypaHa-238 13 BOIHON Cpe/ibl B YCIOBUSIX, UMUTUPYIOIIUX in Vitro

)KeJ'IyZ[O‘IHO-KI/II.He‘IHHﬁ TPaKT MJICKOIIUTAIOIIUX.

Copbyuonnsie ceoticmea 1ueHUHA 8 OMHOWeHUU ypara-238

C touku 3peHust moucka 3HpHEeKTUBHBIX SHTEPOCOPOCHTOB HEOOXOIUMO OMPEACIATh HE TOJIBKO
rokasareiib NepBUYHO afacopounu A ripu pH 2 (MMUTALKS YCIOBHIA JKENTy/IKa), HO U OIIEHUBATH BO3-
MOYKHOCTH MPOTEKAHUS MPOLECCOB JeCOPOIMHU B BOJHBIX CPElax pasHOro COCTaBa. JTO MO3BOJUT
MPOrHO3UPOBATH TOBeeHKE Mpenapara B pa3nuuHbix otaenax JKKT. Ha puc. 3 npencrasieHs! pe-
3yJIBTaThl UCCIeJOBaHus copOounnu—aecopounn U-238 nist oOpasna nurauHa konorutn L—Cn, a takke

JUTSL CpaBHEHUS 00pa3la JIUTHUHA U3 APeBECHHBI psOnHbI L-Sb.
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Puc. 3. CpaBHeHHE COPOLMOHHBIX XapaKTEPUCTHK JIMTHUHA KOHOMIM L—Cn M JUTrHUHA JPEBECUHBI PAOHHBI
L-Sb no otHomeHuo K ypany-238

Fig. 3. Comparison of sorption characteristics of L—Cn hemp lignin and L-Sb mountain ash lignin with respect
to uranium-238

Kak cnenyer u3 puc. 3, o6pa3er] KOHOIISHOTO JINTHUHA XapaKTepU3yeTCsl BeCbMa BEICOKHM I10-
KazaresieM NepBUYHON ajcoporyu A, nocturaromuM noata 90 %. s cpaBHEHUS 31€Ch TTPUBEICHBI
TaK)Ke HAIllM PE3yJIbTaThl M0 OIEHKE MoKa3aTesel copOIuu JJisl TUTHUHA, BBIJACIEHHOTO U3 JIpeBe-
cuHbI pssOuHBI L-Sb. Ha ocHOBaHWY MONY4YeHHBIX MTAHHBIX YCTAHOBICHO, YTO 3HAUCHHUE MMOKA3aTels
A 11s pssOMHOBOIO JIMTHHUHA COCTaBJIsAeT Juinb 68,9 %. Kak npasuso [17], u kak B JaHHOM cilydae,
MIPOLIECCHI COPOITUHU B YCIOBHAX MUKPOKOHIICHTPALUHA PaIHOHYKIIHA B HCXOHOM PacTBOpPE HE MO-
ryT o0ecrednTh MOJIHOE HACBIICHUE aJcopOeHTa. B CBsi3M ¢ 3THMM Ba)KHOE 3HaueHHE MpUoOpeTaeT
TaKoe CBOWMCTBO COpOCHTA, KaK MPOYHAs (PUKCAINS TOKCHKAHTOB B Pa3IMYHBIX YCIOBHIX. DTO OCO-
OCHHO Ba)KHO B OTHOIICHHH YHTEPOCOPOCHTOB, KOTOPBIC JOKHBI ICHCTBOBATh B N3MEHUYHUBBIX YCJIO-
BHSIX KEIyTOYHO-KUIICYHOT O TPAKTa.

Kak BugHO 13 puc. 30, TMCTUIUIMPOBAHHAS BOJA JAaXKe MPHU JJIUTSIBHOM KOHTaKTe (24 4), nmpak-
THYECKU HE TIPUBOJNT K CKOIb-HUOYIH 3HAUNMOM necopounu U-238. Hanugue B )kuIkoi ¢aze mpu-
Mecei#, 0COOCHHO 3JICEKTPOJIUTOB, MOKET OKa3bIBaTh CYIICCTBCHHOE BIIMSHUE HA IIPOYHOCTH €ro (PUK-
caruu B (pase copOenTa. Kak cinemyeT n3 moiaydeHHBIX JaHHBIX, B TpucyTcTBUU NaCl mpoucxomut
BEChbMa CYLIECTBEHHAs! JecOpOLMs PaJMOHYKIIUAA, U KOHOILISIHBIM JUTHUH TepseT 35,6 % oT mep-
BOHAYaJBHO aJCOPOMPOBAHHOTO ypaHa. B 3THX ke dKCIepHMEHTATbHBIX YCIOBHUSAX Iperapar JuT-
HuHa L-Sb ynmepxkuBaeT emie MEHbIICE KOJIUYECTBO PaJMOAKTUBHOTO 3JIEMEHTA. B KOHEYHOM HTO-
re moKasareib MPoYHoH agcopounn Ap mis auranHa L—Cn paBasetcs 63,5 %. CinenyeT OTMETHTbD,
YTO, COTJIACHO JINTEPATYPHBIM AaHHBIM [18§], 3TO BHONHE mpuUEeMIEMBbIil pe3yabTaT, yKa3bIBAIOIUN
Ha MEePCIeKTUBHOCTH alipOOAIMH 3TOTO BH/Ia INTHUHA B KAY€CTBE DHTEPOCOPOCHTA B IKCIIEPIMEHTAX

C UCITOJIb30BAHHUEM MIJICKOINMHUTAIIUX.

3akjrouenne

BrepBble IpOBEACHO HCCIEIOBAHNE XUMHUYECKOW CTPYKTYpBI JUTHUHA, BBIJICICHHOIO U3 CTe-
oneii konoruu Cannabis sativa. Metogamun UK-®Dypee- n 2D-SIMP-cniekTpockonuu moka3aHo, 4To

I/ICCJ'ICI[yeMHﬁ 06pa3eu OTHOCHUTCS K JIMTHUHAM I'BasAlUJI-CUPUHTUII-p-KYMApOBOI'O THUIIA. Ycranos-
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JICHO, YTO YHUKAJIbHOH 0COOCHHOCTBIO JTUTHUHA KOHOIUTH SIBJISIETCSI aHOMAJIbHO HU3KOE KOJIMYECTBO
B-O-4 cTpyKTypHBIX €IMHHII ¥ BBICOKOE KOJMYECTBO MUHOPE3NHOIBHBIX CTPYKTYyp. BriepBrie mpo-
BEJ/ICHO M3y4eHHe COPOIMOHHBIX CBOMCTB JIMTHUHA KOHOILJIM B OTHOIIEHHH ypaHa-238 1 ycTaHOBJIEHA

€T0 NOTCHIMAJbHAAd NPUTOAHOCTD AJISI UCIIOJIB30BAHU S B KAUYCCTBC 3HTepOCOp6HI/IOHHOFO npenapara.
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Svetlana V. Strokova*, Elena Yu. Shumilova,
Maksim A. Lenskiy, Sergey V. Sysolyatin
Institute for Problems of Chemical and Energetic
Technologies SB RAS

Biysk, Russian Federation

Received 31.03.2026, received in revised form 25.05.2026, accepted 28.08.2026

Abstract. The sodium alcoholate/alcohol/DMSO system made it possible to obtain 5-amino-1-benzyl-1,2,3-
triazole-4-carboxylates with high yields and with a purity of raw materials above 95 % (HPLC) by
reaction of benzyl azide with cyanoacetic ether. These conditions are more effective than those previously
described. It is shown that the developed system is too aggressive for 2-(azidomethyl)-1H-benzoimidazole

and 2-azidoacetamide.
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Cucrema ankoroast Harpust/cnupt/IMCO

B PeaKIH MHAHOYKCYCHOr0 3(upa ¢ aJIKHIa3uIaMH

C.B. Ctpoxosa, E.1O. lllymniosa,

M. A. Jlencknii, C.B. CpIcOJIITHH

Huemumym npobaem Xumuro-sHep2emuyeckux mexHoi02ul
Poccuiickoti akademuu nayx

Poccuiickasa ®@eoepayus, buiick

Annortanusi. Cucrema ankorouisit Harpust/ciupt/JIMCO no3Bosuiia moay4urh S-aMmuHo-1-6en3ui-1,2,3-
Tpra3os-4-kapOOKCHIIAThl ¢ BBICOKUMH BBIXOJIAMH M C YUCTOTOM ChIpIOB BhImIe 95 % (BDXKX),
peakiue OeH3uia3uia ¢ UaHOYKCYCHBIM 3¢upoM. [lanHble ycloBus siBIsitoTCs Oostee 3 heKTHBHBIMU
B CPaBHEHHMH C paHee onucaHHbIMU. [loka3zaHo, 4To pa3paboTaHHAas! CHCTEMa CIUIIKOM arpeccHBHA

s 2-(a3unomernin)-1H-6enzonmuaazona u 2-a3ugoaneTaMuaa.

KuroueBble ciioBa: 5-amuHo-1,2,3-Tpra3oiibl, IHAHOYKCYCHBIH 3¢up, oensunasui, JIMCO.

®dunancuposanme. Pabora BeinosHeHa B pamkax 0azoporo npoekrta Ne 1240212000307 «Pa3paborka
METOJIOB CHHTE3a OMOJIOTMYECKH aKTUBHBIX BEUIECTB U TEXHOJOTUH UX MOJYUYEHHS] Ha OCHOBE
A30TCO/EPIKALIUX TTOJNUIUKINIECKUX COSAMHEHHIT» MTPHU UCIOIB30BaHUU MPUOOpHOH 6askl buiickoro

pernoHaxbHOrO IeHTpa KojutekTuaHoro nosb3oBanust CO PAH (MITXOT CO PAH, r. buiick).

BaarogaprHocTu. ABTOPHI BBIpaXkatoT 0J1arolapHOCTh X UMHUYECKOMY HCCIIEIOBATEIBCKOMY LIEHTPY

KonekTuBHOro noibs3oBanus CO PAH 3a mpoBeneHue CeKTPaJbHBIX U AaHATUTHYECKUX U3MEPEHUH.

Iuruposanne: Crpokosa C.B., Illymunosa E. 1O., Jlencknii M. A., Ceiconstun C. B. Cucrema ankoronsat narpus/ciiupt/JIMCO
B PeaKINH IIHaHOYKCYCHOTO 3¢upa ¢ ankunasuaamu. XKypH. Cuo. dpenep. yr-ta. Xumus, 2026, 19(3). C. 528-535. EDN: MZLKGS

Beenenue

Pa3nooOpa3zHasi Guonornueckasi akTUBHOCTH 1,2,3-Tpra3osioB [1] 1 Hamu4uue BHIMyCKAaeMBbIX Mpe-
IapaToB Ha UX OcHOBE (pyduHaMu, Ta3006aKTaM U 1p.) 00yCIaBINBAET BEICOKHI HHTEPEC K PA3BUTHIO
METOJIOB UX CHHTE3a.

OnHMM u3 y1o0HBIX crioco0oB noxyudeHus 1,2,3-rpuazosnos ssisercs peakius CH-xucnor (B-
KeTO3(HPBI, AKPOJICHHbI, BAHUIICYJIb()OHBI, aKPUIIATHI, HUTPOAIKAHBI H JIP.) C QKU 1 apUIIa3uIaMH.
[TpenMy1IeCTBOM TaKOT0 MOJX0/1A SIBJISIETCSI BO3MOXKHOCTH OTHOPEaKTOpHOro cuHTe3a 1,2,3-Tpras3oos,
B HEKOTOPBIX CHCTEMaxX OCHOBAHHE/PACTBOPUTEIIb, U3 TaJIOrCHAIKAHOB [2] uiin criupToB [3], 4TO 0CBO-
OOXKJTaeT OT BBIJCJICHHUSI TOKCHYHBIX a3UI0B. TakKe CllelyeT OTMETUTbh, 4TO B JaHHOM METOE BHIOOD
YCIIOBHI peaKIIMM OKa3bIBACT CYIIECTBEHHOE BIMSIHNE HA CENEKTUBHOCTH U BBIXOT 1,2,3-TpHra3010B [4].

Hecmotpst Ha GonblIoe KOJIMYECTBO MCCIENOBAHUI MO cuHTe3y 1,2,3-TpHa3osos, IOydeHUe

OTIETBHBIX MTPOU3BOMHBIX BCE €I BBI3BIBACT CIOXKHOCTH. B 4acTHOCTH, HacTosmass paboTa MOoCBsI-
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1ieHa paspadbotke 6osee 3phekTHBHOrO MeToja CHHTE3a CIIONKHBIX A3PUPOB S-aMUHO-1-0eH3mi-1,2,3-

TpHUazon-4-xkapOOHOBOW KUCIOTHI.

OcHoBHAasl YaCTh

W3BecTHO, UTO Myl TOMy4YeHUs S5-aMuHO-1,2,3-Tpra3ofioB MCHONB3YIOT 2-IHaHOAIETOaAMU/I,
MaJIOHOHHTPUJI, 2-IIHAHOYKCYCHYIO KUCIOTY 1 €€ 3¢upsl [5—-9]. Haubonee pacrpocTpaHEHHBIMHE YC-
JIOBUSIMH JJIS1 KX PEAKIUHU C a3HMIaMHU SBISFOTCS CUCTEMbI criupT/aikoronst HaTpust u JJMCO/K,CO;
[5-9]. B mocrmennel, Kak mpaBUIIo, JOCTUTAOTCS O0Jiee BEICOKHE BBIXOIBI MPOAYKTOB [5—9]. Uckito-
YeHHeM sBIISeTCs peakius nuanoykcycHoro agupa (I) ¢ 6ensunazunom (II), koropast B yclnoBusx
IMCO/K,COj; me mporekaer (puc. 1) [7].

[TpoBenenune nannoi peakiuu B cpeae IM®DA/Boxaa npu 120 °C B TeueHue 48 4 1103BOJISIET BbI/Ie-
JUTH MPOLYKT C BBIX0JIOM 8§ % MeTO0M KoJIoHOYHOM Xxpomarorpaduu [10]. IIpu sTom B cucteme 31u-
JIaT HATPUs/ATaHoJ dTUII-5-aMuHO-1-0en3ui-1,2,3-Tpuasoin-4-kapookcunar (I11) nonxyuen ¢ BbIxoqoM
25 % B BHJIE NOIYKPUCTAIITMYECKON Macchl (BUINMO, 3arpA3HEHHON OCH3MIIa31I0M HITH POy KTaMHU
ero pasJioskeHus1). O4UCTKA MO3BOJIMIIA BRIACIUTS KprcTaindeckyto dpopmy II1 ¢ Berxomom 16 % [8].

[Ipn nCHONB30BaHUM KATAJIUTHYECKOH CHCTEMBI METWIJIAT HATPUsS/METaHOJ OBLIO BBIIEICHO
7,5 % nepearepudurpoBannoro B MeTuiioBbii 2¢up I11. [lanHbe pe3yabraThl MOTYT OBIThH CBSI3aHBI
KaK € pa3JInYHON OCHOBHOCTBIO AJIKOKCH/I-MOHOB, TAaK ¥ C TEMIIEPATypOH peakny.

OcHOBBIBasICh Ha TOM, 4TO aMuHBI B JIMCO MoryT co3naBaTh Oojiee GIaronpusATHBIE yCIOBUS
st oopazoBanus 1,2,3-Tpuaszonos [11-13], peaknus nuanoykcycHoro 3¢upa ¢ 6eH3mIa3uaoM Obliia
HCCJIeIOBaHA C TPUATHIIAMUHOM U nupponuanHoM B JIMCO. Kak u B mpenbIAyIInX HCIOIb30BaHHBIX
cucTeMax, peakIMOHHasi Macca C TeUCHHEM BPEMEHHU M3MEHsUIa OKpallliBaHUE C IPO3PAvyHOro pac-
TBOpA B )KENTHIM, a 3aTeM B opaHKeBbIi. OTHAKO MPOAYKT B JAHHBIX YCIOBHAX HE ObLI BBIJICIICH.

W3BecTHO, YTO B allPOTOHHBIX PACTBOPHUTENSX OCHOBHOCTH BBIIIE, TOCKOJIBKY B HUX OTCYTCTBY-
€T COJbBaTAIis OCHOBAHUII uepe3 BOJOPOAHBIE CBsI3U. [I03TOMY OBIIIO PACCMOTPEHO HCIIOIB30BAHNE
MeTmiiata HaTpus B cpene JJMCO B peakinn OeH3MIIa31u1a ¢ IUAHOYKCYCHBIM 3(HPOM TP HEOOIb-
woii Temneparype 40—45 °C, st npeJoTBpalleHns MOOOYHBIX IPOIECCOB. B TaHHBIX yCIOBHUSX Ha-
0J110/1a710Ch MHTEHCHUBHOE T'a30BBIJICIEHIE M PA30TPEB, UTO CBHUJICTEILCTBYET O CMEUICHUH PEAKIINH
B CTOPOHY 00pa3oBaHusi MOOOYHBIX MPOIYKTOB. DTO TAK)KE MPUBOJIUT K OCMOJICHUIO PEaKIIMOHHOM
MAacChl U OCJIO)KHEHHIO BBIJICJICHUS LIEJIEBOTr0 MPoAyKTa. OHAKO B 3TUX YCIOBUAX yIAI0Ch BBIJCIUTH
22 % 1eseBOro MeTHIIOBOTO ddupa S-aMuHO-1-0eH3ni-1,2,3-Tpuazon-4-kapOoOHOBOM KHUCIOTHL. DTH
Ppe3ynbTaThl mokasaiu, yto B cpene JAMCO 0CHOBHOCTH CIIMIITKOM BBICOKA, M METOKCH-UOH BCTYTIAET
B Jpyrue nodouHble npouecchl. [lojgyueHHble pe3ysibTaThl, KOTOpbIE MpencTaBieHbl B Tabm. 1, mo-

3BOJIWJIA MTPEANIOJIOKUTD, UTO OIITUMAJIbHASL OCHOBHOCTD AJIA 3TOM PeaKkuu MOKET OBITh JAOCTUTHYTA

o OEt
DM 2003 H2N
NC BnN. =
~og * e .
| Bn” ~N’
11l
Puc. 1. Cxema peakiuu uaHOyKCYCHOTro 3dupa ¢ OeH3MIa3u10M

Fig. 1. Scheme of reaction of cyanoacetic ether with benzyl azide
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B KoMOMHHUpOoBaHHOH cpeae n3 JIMCO u ciupTa ¢ aJIKoroysiToM HaTpusi. B kadecTBe ciupTa nepBoHa-
YaJThbHO MCCIIEIOBAIIA METAHOI, IOCKOJIBKY, KaK U OH, TAK H METUJIAT HATPUS SBIISTFOTCS TOCTYITHBIMU
peareHTamH.

[IpoBeneHne cpaBHUTEIIBHOM OIICHKH YCIIOBHI cHHTe3a (Tabu. 1) moka3ano, uro BBenenne JJMCO
B cuicteMy MeONa/MeOH mo3BosisieT MOBBICHTH BBIXO METUJIOBOTO 3(hupa S-amuHo-1-0enu3un-1,2,3-
TpHuazon-4-xkapOOHOBOU KUCIOTHL [Ipu cooTHOIIEHNH pacTBopuTeiel 1:1 BEIXOI MPOIyKTa COCTABHII
49 % 3a 2 4 ipu 60—65 °C. BeposiTHO, Takast KOMOMHHUPOBAHHAS cpena co3aaéT HanboJIee ONTHMAITb-
HBIC YCJIOBHUS. B Y4acTHOCTH, METaHOJ, YACTUYHO COJIBBATHPYS HYKJICO(DUI, OAABISICT OOOIHBIC
nporecchl, a JIMCO obecrieunBaeT 10CTaTOYHYO PEAKIIMOHHYO CIOCOOHOCTb.

C UeNnbl0 UCCIEOBAaHUS BIUSHIS OCHOBHOCTH aJIKOTOJISIT MOHA Ha BBIXOJ IMPOIYKTa ObLIa HC-
cnenoBana cucrema i-PrONa/i-PrOH/JIIMCO (ta6u. 1). Cieayer OTMETUTh, YTO B JaHHOH CHCTEME
OBIJIO YBETUYCHO KOJNMYSCTBO PACTBOPHUTEICH M3-32 HI3KOW PacCTBOPUMOCTH HM30IPOIUIIATa HATPHUS
B cIiipTe. BBIXOA mMpoayKTa B UCCIIEIOBAaHHBIX YCIOBUSIX cOocTaBUI 47 %, 9TO ABISETCS COMOCTABH-

MBIM ¢ pesyabsratamu B cucreme MeONa/MeOH/IMCO. Takum obOpaszom, B cucreme JJMCO/criupt

Ta6nuna 1. Beixoas! npoaykrta I mpu ucnonb30BaHHH Pa3IUIHBIX KATATUTHYCCKUX CHCTEM

Table 1. Yields of product III using various catalytic systems

o}
o OEt
H2N wu OMe, i-Pr
NC\)LOEt + BiNg —— N/'N
I n Bn” \N
11l
Ne | PactBopuTens, (Mi/r) Karanu3zarop, 5kB t, °C T,u Boixon 111, %
1 |MeOH (6) MeONa (1,0) 65 3 7,5
2 | MeOH (6) MeONa (1,0) 65 6 7,5
1 Et;N (0,2) 70-75 18 0
2 IMuppoaumun (0,2 70-75 18 0
JIMCO (6) ppomnaun (0,2)
3 MeONa (1,5) 45-50 2 22,0
4 MeONa (3,0) 45-50 2 0
5 MeONa (1,5) 60—65 2 28,3
6 |AMCO/MeOH (1:5) 60—-65 2 28,9
MeONa (3,0)
7 60—-65 6 28,9
8 |AMCO/MeOH (2:4) MeONa (1,5) 60—-65 2 43,8
9 MeONa (1,5) 60-65 2 49,4
10 MeONa (1,5) 60—-65 5 49,8
11 MeONa (3,0) 60-65 2 46,0
JAMCO/MeOH (3:3)
12 MeONa (1,5) 70-75 2 45,5
13 40-45 2 28,5
MeONa (1,5)

14 40-45 5 44,0
15 | AMCO/MeOH (4:2) MeONa (1,5) 60-65 2 43,8
16 | AMCO/i-PrOH (11,5:11,5) |i-PrONa (1,5) 60—65 2 47,3
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BBIOOp AJIKOTOJNSAT-MOHA HE SBIACTCSA OMpPENENAIOIMKM. TeM He MeHee He HCKJIIOYEHO AalibHeiiree
YBEJIIMUYCHNE BBIX0/1a LIEJIEBOTO MIPOAYKTA 3@ CUET UCTIONB30BaHMS APYTUX CHCTEM OCHOBAaHHUE/PacTBO-
PHUTEb.

CrenyeT OTMETHUTH, YTO IIOMHUMO O0JIee BEICOKOTO BBIXO/A, CUCTeMa Ha ocHoBe ciiupra u JJMCO
MO3BOJISIET BBIJIENIATH U3 PEaKIIMOHHON MacChl MPOAYKT ¢ YUCTOTOH BhILIe 95 % (BDYKX) B BUE Oerno-
T'0 MOPOIIKA, B CPABHEHHH C TOJIyKPHCTAJUINYECKOH KOpHuHEeBOH Maccoi n3 cucrembl EtONa/EtOH.
Kpome toro, ucnonb3oBanue JJMCO mo3Bosser moaydars 1,2,3-Tpua3osi OZHOPEaKTOPHO U3 OCH-
3UIIXJIOPHJIA, TI0 AaHAJIOTHH ¢ roiydeHueM 1,2,3-tpuazonos B cucreme K,COs/JIMCO [2]. Takoit moa-

xXon OCBO60)KI[aeT OT BBIACJIICHUS TOKCUYHOI'O 6CH3I/IJ'[a3I/IJZ[a 1 YMCHBIIACT KOJIUYECTBO onepaunﬁ.

) R’NfN
EtOJ\/CN + RN, MeONa/MeOH -~ \‘N
HoN
v Va,b 0
Me
Vla, 45 %
Vib, 225 %

o N
R= S5\)]\"”'12(3)’ @m ®)

Puc.2. Cxemapeakiuy HHaHOYKCYyCHOT0 3 (hupa ¢ 2-a3ua0aie TAMHIOM U € 2-(a3u10Me THII) -1 H-0eH30MMH 1a30710M

Fig.2.Schemeofreactionofcyanoacetic ether with2-azidoacetamide and with 2-(azidomethyl)-1 H-benzoimidazole

PaspaboTaHHbIe yciioBUs ObUIH IIPUMEHEHBI K TPUA30J1aM, KOTOPbIE C HEBBICOKUMH BBIXOAAMHU
00pa3yroTcs B CHCTEME METHJIAT HaTpusi/MeTaHo (puc. 2) [14].

Peakuus 2-(asmmomernin)-1H-6eH3oumunazona (Vb) ¢ mMHaHOYKCYCHBIM 3(QHpPOM B CHCTEME
MeONa/MeOH//IMCO He npuBena k 00pa30BaHUIO LENEBOr0 MPoAyKTa. boiee Toro, B aHajgoruy-
HBIX YCIIOBHUSX C 2-azupoaneraMuoM (Va) BBIXOJ MPOLYKTa COCTABUI JIMIIb 16 %, 4TO HIMXE, 4eM
B CTaHI[apTHOﬁ cpeac — MeTujiat HanI/IH/MCTaHOJ'[. Chv7! PE3yabTaThl YKa3bIBalOT HA TO, YTO JJIA UC-
MOJIB30BAHHBIX a3HJI0B, COACPIKALIMX IEKTPOHOACHUIIMTHBIC HITH FeTepoapoMaTHiecKie pparMeH-
Thl, cuctema ¢ JIMCO oxka3zanach 4pe3MEepHO arpecCHUBHOM, YTO MPUBEIO K 3HAYUTEIBHOMY YBEIU-
YEHUIO JIOJIM MOOOYHBIX IIPOLECCOB. JTO MO3BOJSET MPEIIOIOKHUTH, YTO €€ HUCIIOIb30BaHUE MOXKET
OBITh OIPaHUYEHO CyOCTpaTaMu OMpe/IeIeHHOro Tuna. J{is pacuupenus npuMEeHMMOCTH METO/Ia He-

06XO,I[I/IMBI ﬂaHLHeﬁmHe HCCICAOBAHUS C APYTHUMHU a3ulaMU.

JKcHepuMeHTAIbHAS YacTh

Cnextpbl SIMP perucrpupoBajin npu KOMHATHOH TemIieparype Ha crekrpomerpax «Bruker»
AV-400 (paGouune yactotst 400,13 MT'y ("H) u 100 MT'y (*C)) u AV-600 (pabouue yactorsl 600,30
Ml (‘H) u 150,96 MTI'n (**C)). XuMuuecKuii CABAT yKa3aH B MUJUTMOHHBIX JOJISX, CTIHH-CITAHOBOE
B3anmozeiicTeue (J) ykazano B ['n. MHppakpacHblii cnekTp OblI monydeH Ha npubdope MHppatiom
OT-801. TemmnepaTypa miIaBIeHUs OMpEAETAIach C UCHONb30BaHUEM mpubdopa Stuart SMP30. Dne-

MEHTHBIM aHanu3 BEIMOTHWIN Ha nipudope Flash EA 1112. JumeTmicynbpOKCHI epe UCIIOIb30-
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BanueM neperonsnu Haj NaOH, a 3arem Han Tabnuna 2. PexxuM 351I0MpOBaHHsI
TUZPUIOM KalbLHs. Table 2. Elution mode

BOXX ananu3 ocymiecTBIsIA HA TIPH-
6ope «Agilent 1260» (peaBapuTenbHas Bpens, i A% B, %
KoJoHKa 2.1x12.5 mm, copbeHT — «Zorbax 0 95
Bonus RP», ¢p. 5 um; xomonka 3.0x150 MM, > 93
copbeHT — «Zorbax Bonus RP», ¢p. 5 um., 15 80 20
Y®-perexrop (A=210 HM). AHaITU3 TPOBOAH- ig Zg zg
JIM C UCIIOJb30BAHUEM I'PAJUSHTHOTO JJIIOH- s 95 .

poBanus. Ckopocth moroka 0.35 MKII/MUH.
IIpo6a 2 mkiu. Dmroent A — 0.2 % pacTtBOp
opTodochopHOI KHCIOTHL, 3IIOCHT b — are-
toruTpui. Obmiee Bpems ananusa 40 muH). B Tabi. 2 npeacraBiieHa UCIOIb30BaHHAS B paboTe Me-

Tonuka a1 BOXKX ananuza.

Memun-5-amuno-1-o6ensun-1H-1,2,3-mpuaszon-4-kapooxcunram

K 2.7 r (0.02 mounp) 6ensunasuaa u 2.29 r (0.02 moisp) nuanoykcycuoro s¢upa 8 15 ma IMCO
MIPUKATBIBAIIN CBEKCIIPUTOTOBICHHBIH MeTminaT HaTpus (0,03 monp) B Metanose (0.7 r HaTpus B 16
MJ MeTaHoJa) B TeueHne 5—10 MuH. PeakninonHyio Maccy BeiaepkuBaiu npu 60—65 °C B TeueHune
2 4, 3areM oxJaxajiu 10 5 °C u 3anuBaiu 10-KpaTHBIM KOJIMYECTBOM BOJbI. BpinaBiiuii TBEpAbIT
HIPOIYKT IPOMBIBAJIH BOJIOH C MOTyUYECHUEM TPHA30ja B BUAE CBETI0-0€KEeBOro TBEPAOTO BEIIECTRA.
Beixon 2,32 1 (49,36 %). Temneparypa mnasyieHus ceipua 176 °C (conepskaHue OCHOBHOTO BEIIECTBA
95 %, BDXX). [Tociie mepekprucTaiin3aliy U3 3TaHOIa TEMIIepaTypa miaBicHus cocrasuia 186 °C
(comepkarme ocHOBHOTO BemecTBa 99 %, BOXX). BOXKX 25 mun. UK-cnektp: 689,704, 734, 1633,
1688, 3125, 3176, 3239, 3286, 3457. Cnektp SIMP 'H (AMCO-dg) 8, m.x.: 3.77 ¢ (3H, CH3), 5.44 ¢
(2H, CH,), 6.67 ¢ (2H, NH,), 7.20 1 (2H, Ph, J = 8 I'm), 7.30 T (1H, Ph, J = 8 T'y), 7.36 T (2H, Ph,
J =8 Tm). Criextp SIMP 3C (AMCO-dg) 8, m.1.: 48.32, 50.77, 118.97, 127.29, 127.72, 128.61, 135.72,
146.28, 162.00. Haiineno, %: C, 59.07; H, 5.56; N, 24.51; O, 10.86. Beruucneno, %: C, 58.53; H, 5.73;
N, 22.75; O, 12.99.

Hzonponun-5-amuno-1-6ensun-1H-1,2,3-mpuazon-4-kapboxcunram

K 2.66 r (0.02 momsb) 6ensmnaznga u 2.29 r (0.02 monb) nuanoykcycHoro agupa B 50 ma JJIMCO
IPUKAIIbIBAJIM CBEXKEIPUTOTOBICHHbIH n3onponuiar Hatpusi (0,03 moins) B UTIC/IMCO (0.7 r HaTpus
B 59 mu1 UTIC n 7 mut IMCO) B Teuenne 5—10 muH. Peakunonnyo Maccy BeiiepxuBanu npu 60—65 °C
B Te4eHHe 2 4, 3aTeM oxyaxjaanu 10 5 °C u 3anuBanu 10-KpaTHBIM KOJIMYECTBOM BOABI. BrimaBmnit
TBEPIBIA MPOAYKT NMPOMBIBAJIN BOAOH C IMOJYyYEHHEM TPHa30ja B BHJIE CBETIO-0€XKEBOro TBEPAOTO
BemecTBa. Brixon 2,46 T (47,31 %). Temneparypa nnaBnenust 172 °C (comepskaHre OCHOBHOTO Be-
mectBa 93 %, BOXX). [locne nepexpucrannuzanuu u3 UIIC TemnepaTypa niaBjieHUs] cOCTaBUIa
176 °C (comeprxanue ocHOBHOTO BerectBa 96 % u 4 % stunoBoro a¢gupa S-amuno-1-6enswmi-1H-1,2,3-
Tpuazon-4-kapoonosoit kuciaoTel (BOXX)). BOXKX 31 mun. UK-criextp: 700, 1623, 1706, 3148, 3178,
3231, 3276, 3456. Crnextp SIMP 'H (AMCO-dy¢) 8, m.x.: 1.28 1 (6H, CH3), 5.11 cenrer (1H, CH, J = 6
I'm), 5.44 ¢ (2H, CH;) 6.56 ¢ (2H, NH,), 7.21 1 (2H, Ph, J = 6 I'm), 7.29 T (1H, Ph, J = 6 I'y), 7.35 T (2H,
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Ph, J = 6 'n). Cniexrp SIMP 3C (AMCO-dy) 8, m.ni.: 21.77, 48.31, 66.80, 119.24, 127.30, 127.70, 128.58,
135.71, 146.31, 161.38.

3akJoueHue

beina npoBeneHa cpaBHUTENIbHAS OLEHKA PEAKLUM IUAHOYKCYCHOro 3¢(upa ¢ OCH3MIa3uI0M
B PAa3IMYHBIX CHCTEMaX OCHOBaHME/PacTBOPUTEIb. BriepBble Moka3zaHo, 4TO KOMOMHALNS PaCTBOPH-
tenedt JIMCO/cupT ¢ MCMOIb30BAHUEM B KaueCTBE OCHOBAHUS aJIKOTOJIsITA HATPUS MO3BOJISIET TIO-
JYYATH METHJI- H H3OMPOIHI-S-aMIHO-1-0eH3mi-1H-1,2,3-Tpua3on-4-kapOoKcuiaTel ¢ 601ee BBICO-
KHMH BBIXOJIOM U YHCTOTOH, B CPAaBHEHUH C ONMCAHHBIMU paHee MeTonukamu. [lomydeHHble TaHHBIE

OTKPBIBAOT HOBBIC ITUPOKHUE BO3MOKHOCTHU B CUHTE3€C 1,2,3—Tp1/1a30n03.
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Abstract. This review systematizes recent advances in the production, purification, and practical
applications of extraction rosin, a naturally renewable product derived from the resinous softwood. The
extraction technologies using organic solvents, alkali solutions, and supercritical CO- are considered.
The methods for refining extraction rosin, which improve its colour, thermal stability and chemical
purity, are described, including selective furfural extraction, adsorptive purification on bleaching clays
and activated carbon, as well as chemical modification methods (hydrogenation and disproportionation)
which allow improving its physicochemical characteristics. Rosin and its derivatives are widely used
in both traditional industries (paper, paints and varnishes, adhesives, electrical engineering, etc.)
and emerging high-tech areas, such as the synthesis of polymer composites, surfactants and biofuels.
Owing to its biocompatibility, biodegradability and film-forming properties, rosin and its derivatives
are increasingly employed in biomedicine for the development of controlled drug delivery systems,

antibacterial and biodegradable coatings.
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HO.JIy‘IeHI/Ie, OYHUCTKA U UCITOJIB30BaHHE

IKCTPAKUUOHHOM KaHU(o. U (0030p)

SI. U. Areer?, T.I. OBunHHUKOBA?,

E.P. Bogpuxosa®, O.I1. Tapau®® b.H. Ky3unenos™ "
“Uncmumym Xumuy u XUmMu4eckou mexHoaioeuu

CO PAH, ®U1l] KHI] CO PAH

Poccuiickaa ®edepayus, Kpacnosapck

P40 «VK «buoxumuueckozo xonounaa « Opaxum»
Poccuiickas ®@eoepayus, Husxcnuti Hoseopoo
*Cubupckuil ghedepanbhbvill ynusepcumen
Poccuiickaa ®edepayus, Kpacnosapck

AnHoTanus. B 0030pe crucTeMaTu3npOBaHbl MOCICIHHE JOCTHXKCHHS B 00JIACTH MMOJYYCHUS, OUUCTKU
1 MPAKTHYECKOTO TPUMEHEHHSI SKCTPAKIIMOHHON KaHU()OIN — IIPHPOTHOTO BO30OHOBIISIEMOT0 IIPOAYKTa
nepepabdoTKH CMOJUCTON JIPEBECHHBI XBOMHBIX MOPOJ. PacCMOTPEHBI TEXHOJIOTUH IKCTPAKIUH
C MCIIOJIb30BaHHEM OPTaHUYCCKHUX PaCcTBOPUTENCH, menmouet u ceepxkputuaeckoro CO,. Onucansl
METO/bI OUHUCTKH IKCTPAKIIHOHHOM KaHU(OJIH, YIIYUIIAIOIIHUE €€ IIBET, TCPMUUCCKYIO CTAOMIBHOCTh
U XUMHUYECKYI0 YACTOTY — CEJICKTUBHAS dKCTpakus Gpypdyposom, axcopOoIuoHHAS 0YHUCTKA
Ha OT6CHI)HI)IX TJIMHAX U aKTI/IBI/IPOBaHHOM yrne, a TAKXKXE METOAbI XI/IMH‘ICCKOﬁ MOI[I/Iq)I/IKaL[I/II/I
(ruxpupoBaHUE U JUCTPOTIOPIIHOHUPOBAHNE), TIO3BOJISIONIHNE YIYyUIIUTh €€ (PU3UKO-XHMUUECKHE
XapaKTepI/ICTI/IKI/I. KaHI/I(bO.]'[L U ee HpOI/I3BO}1HLIe IHI/IpoKO HpI/IMeHSIIOTCSI KaK B Tpa)lI/IHI/IOHHI)IX 0Tpacn${x
MIPOMBIIIIIICHHOCTH (OyMarkHasi, TaKOKpacodHasl, KieeBasi, dICKTPOTEXHIUYECKast U JIP.), TAaK M B HOBBIX
BBICOKOTCXHOJIOTUYHBIX 06J'IaCT$[X, BKJIFOYAsI CUHTE3 HOJ'II/IMepHI)IX KOMIIO3UTOB, HOBCpXHOCTHO-
AKTUBHBIX BEIIECTB M OMOTOILTUB. biarogaps cBoeit OMOCOBMECTUMOCTH, OMOpa3IaracMoCTH
U IUICHKOOOPa3yoIiuM CBOWCTBAM KaHU(OJIb U €€ IPOU3BOMAHBIC BCE IIMPE MPUMEHSIOTCS
B OMOMEIHITNHE JJIsl CHHTE3a CUCTEM KOHTPOIHPYEMOU TOCTABKHU JIEKAPCTB, aHTHOAKTEPUATBHBIX

U Ouopa3pyuaemMbiX MOKPBITUH.

KuroueBble ¢j10Ba: 3KCTpaKIIHOHHAS KaHU(DOJIb, COCTAB, MMOJIYYCHHE, OYMCTKA, IPUMCHEHHUE.

— 537 —



Journal of Siberian Federal University. Chemistry 2026 19(3): 536555

BaaroxapHoctu. MccienoBanue BRIOIHEHO 3a cueT rpanta Poccuiickoro HayuHoro ¢onma Ne 26—93—
20012, https://rscf.ru/project/26—93-20012/, 3a cuet neneBoro ¢puHaHCHpoBaHUs (TpaHTa) KpacHosipckoro
KpaeBoro Gouaa HaykH, Ha Oa3e MHCTUTYTa XM U XuMudeckor TexHojoruu CO PAH ®UIL KHI]
CO PAH u npu copmHaHCHPOBAHWH KBUTH(PHUIIMPOBAHHOTO 3aKa34MKa AKIIMOHEPHOE 00IIECTBO

«Ympapnstonas KOMIanusi bBuoxuMu4eckoro Xoiaauura ,,Oprxum .

Iutuposanue: Arees 5. U., OBunnnukosa T.I., bogpukosa E.P., Tapan O.I1., Ky3neuos b. H. [Tonyuyenue, ouncrka
1 HCTI0JIb30BAaHUE IKCTPAKIIHOHHON KaHHpoIH (0030p). KypH. Cub. dpenep. yn-ra. Xumus, 2026, 19(3). C. 536-555. EDN: OAQBKR

Brenenue

Kanudonb npeicrapisier coOOM CIOKHYIO CMECh OPraHUYECKUX COSAMHEHNUH, IPEUMYIIECTBEHHO
CMOJISIHBIX KHCIIOT, BBIACJISIEMYIO U3 CMOJIBI XBOMHBIX JiepeBbeB. OHa ABIISETCS XPYIKUM, CTEKJIOBHI-
HBIM aMOP(HBIM BEIIECTBOM, OKpacka KOTOPOTO BaApbUPYETCs OT CBETIIO-KENITOH /10 TEMHO-KPACHOM
Y TIOYTH YEPHOH, B 3aBUCUMOCTH OT CTETIEHN OYMCTKHU M IPUPOBI HCXOAHOTO chIpbsi [1]. Kanudons
U IPOJYKTHI €€ MepepadoTKH HAXOIST HIMPOKOE IPUMEHEHHE B pa3HOOOPAa3HBIX OTPACIISX IPO-
MBIIIJICHHOCTH — OT NTPOU3BOACTBA OyMaru M JJAKOKPACOYHBIX MAaTEPHAJIOB IO CHHTE3a MOJIMMEPOB
U QapmaneBTH4YecKuX npenapatos [2, 3]. YHUKanbHbIA HA0OP IOJIE3HBIX CBOMCTB JiesiaeT KaHU(OIIb
MIPUBJIEKATEIBHBIM 00BEKTOM ISl HCCIIEIOBAHMM, NHTEPEC K KOTOPHIM 3HAYNTEIBHO BBIPOC 3a I10-
cnegHue aecsatunetus (puc. 1).

B 3aBHCHMOCTH OT MCTOYHHKA CBHIPBSI M CIOCO0A MOJYUYCHMS Pa3iNdaloT TPU OCHOBHBIX BHJA
KaHU(OJIH: KUBHUUHYIO, SKCTPAKIIMOHHYIO U TaJlIoBY10. JKuBHYHAs KaHU(OIIb SBISETCS TPOAYKTOM
NIEPErOHKN >KMBHIBI — CMOJIBI, KOTOPYIO COOMPAIOT C XKHUBBIX COCEH IyTeM mojcouku. OHa Tpaau-
IMOHHO CUMTaeTCs HanboJiee KaYeCTBEHHOM, OTIMYAETCsl CAMBIM CBETJIBIM [IBETOM, MOBBIIICHHBIM
KHCJIOTHBIM YHCJIOM U BBICOKOW TEMIIEpaTypoil pazmsirdeHus. TannoBas KaHU(OIb — 3TO MOOOTHBIH

HPOAYKT CyIb()aTHO-LEIUIIOI03HOr0 IPOM3BOICTBA, U3BIEKAEMBbIH U3 CBIPOTO TaJIOBOIO Macia. JKC-
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Puc. 1. KonuuecTBO Hay4YHBIX CTaTell U MATCHTHBIX TOKYMEHTOB, COICPIKAIINX KJIFOUCBOE CIOBO «KaHH(OIbY,
3a niepuoj ¢ 2003 o 2025 rozasl

Fig. 1. The number of scientific articles and patent documents containing the keyword “rosin” between 2003 and
2025
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TpPaKIMOHHAS KaHU(OJIb MPEACTABIISICT COOO0 MPOAYKT, MOIYIaEMbIi MyTEM 3KCTPAKIIUU OpraHuYe-
CKHMH PaCTBOPUTEIISIMHU (KaK IPaBHIIO, OCH3MHOM) H3MEIBYCHHON PEBECHHBI, IIPEUMYIICCTBCHHO
MHEH W KOpHEW COCHBI. TpaluIIMOHHAsI TEXHOJIOTHS €€ MOMyYeHUs BKJIIOYAeT U3MEIbUCHUE ChIPhS,
AKCTPAKIHIO CMOJUCTHIX BEMIECTB, OTICIICHUE PACTBOPUTENS M MOCICAYIONYIO JUCTHIIIALUAIO IS
yAaJEeHUS JIETYUYNX KOMIIOHEHTOB.

DKCTpaKIMOHHAS KaHU(OIb SBISCTCS OIHUM M3 HanOojee JEUICBBHIX BUIOB KaHU(OIBHBIX
MPOAYKTOB, TOCKOJBKY TMO3BONSIET yTHIM3UPOBATh OTXOABI JIECO3aroToBOK. Kpome Toro, ee mpous-
BOJICTBO HE 3aBHUCHUT OT CE30HHOCTH cOOpa JKUBHIIBI U HE TPEOYET TPYAOSMKOTO IPoIlecca MOACOIKH
JKUBBIX JEPEBbEB. B TO ke BpeMs dKCTpaKIMOHHAs KaHU(OJb YCTyIAeT )KUBUYHOM MO PsIAy Kade-
CTBEHHBIX ITOKa3aTesei: oHa UMeeT OoJiee TEMHBIN I[BET, MOHM)KEHHOE KHCIoTHOE dncio (150—155
npotuB 165—175 y »uBUYHON) U O0OJIee HU3KYIO TeMIeparypy pasmsrdeHus (52—58 °C npotus 66—
70 °C y >xuBUYHOH) [4].

Kanngoib coaepKUT B OCHOBHOM OJJMH U TOT K€ HA0OpP CMOJISIHBIX KHCJIOT, HO HaOJIIOJa0TCs
CYIIECTBEHHBIC PA3lINYUs B UX KOJMYECTBEHHOM cocTaBe (Tabmn. 1). CMONSTHBIE KHCIOTHI OTHOCAT-
csl K rpynme aOMeTHHOBOW KHUCIIOTHI M TPYIINE MUMAPOBON KUCIOTHL. CMOSHBIE KHUCIOTBI TPYTIIbI
a0MeTHHOBOW KUCIIOTHI JIETKO TIOABEPralOTCS M30MEPU3AIMOHHBIM ITPEBPAIICHUSIM I10]T BO3JCHCTBH-
€M TerIa, CBeTa U KUCIOTHBIX areHTOB, JIETKO OKUCIISIOTCS Ha BO3MlyXe, a MPU TeMIlepaType BhIIIe
200 °C noxBepraroTcsi JUCIPONOPLIHOHUPOBAHUIO. KHCIOTHI MMMapOBOM IPYIIIBI B TEX XKE YCIOBUAX
00J1e€ YCTOWYMBBIL. DKCTPAKIIUOHHASI KaHU(OJIb, [T0 CPABHEHHUIO C )KUBHYHOM, HMEET MIOHMKEHHOE CO-
JepKaHUE CMOJISTHBIX KUCIIOT U COACPIKUT OOJBIIe TpIMecel, BKITF09asl )KUPHBIE KUCIOTHL. [1loaToMy

OKCTPpAaKIIUOHHAA KaHI/I(i)OJ'[I) HEC UCIIOJB3YETCA B IPOMU3BOACTBEC BEICOKOCOPTHBIX OeJIbIX 6yMar " HCKO-

Tabnuua 1 Xumunuecknit cocraB kauuoiu [4]

Table 1. Chemical composition of rosin [4]

Coneprxanue B KaHU(POIH,%
Cocueris XKuBH4Has COCHOBAs OKCTpAKIHOHHAA Tannosas
COCHOBast

AOueTnHOBas KHCIOTa 32.0-40.0 38.0-47.0 33.0-51.0
HeoabueTnHoBas Kuiora 14.0-16.0 4.0-14.0 0.5-3.0
JernapoabueTnHOBas KUCIOTA 6.0-10.0 13.0-19.0 11.0-34.0
JurunpoabueTHHOBAs KUCIOTA 4.0-9.0 0.4-1.0 0.7-0.8
f;‘;‘;:f&‘apom 1 HaocTpoRat 18.0-26.0 7.0-13.0 7.0-10.0
[TumapoBas kucnora 7.0-8.0 6.0-9.0 4.0-10.0
W3onumapoBas kuciota 5.0-8.0 5.0-8.0 6.0-14.0
CanzlapakonumapoBasi KHCJI0Ta <3.0 2.0-3.0 3.0-4.0
KupHble KUCIOTBI 0.4-0.7 7.0-9.0 4.0-15.0
HeiiTpanbHble BenecTna 2.0-4.0 5.2-8.0 7.0-16.0
OKuCIIeHHbIE BEIECTBA 0.2-0.9 7.0-9.2 0.6-1.2
CCT":(?:HHHT“” HEYCTAHOBACHHOrO 0.6-2.0 0.1-0.5 0.5-2.3
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TOPBIX APYTUX HEHHBIX MPOAYKTOB. OJJHAKO MOCIIE COOTBETCTBYIOILEH OUHCTKH (Harpumep, papuHu-
poBanus Gypdyposom) CBOHCTBA IKCTPAKIIUOHHON KaHU(POIH MOTYT OBITh 3HAUUTEIBHO YIIyUIICHBI.

Tam, rue TpeOoBaHMs K IIBETY ¥ YUCTOTE KaHU(OIH HE CTOJb KECTKHE (HApUMEp, B TPOU3BO/I-
CTBE TEMHBIX JIAKOKPACOYHBIX MaTEpPHAJIOB, PE3NHOTEXHUUECKUX M3/EIHH, MACTUK U (IIIOCOB), TIPH-

MCHCHUC 3KCTp8.KHPIOHHOI7I KaHI/I(bOJ'II/I BMECTO JKUBHUYHOM SABIISICTCS SKOHOMHUYECKHU OIpaBJaHHBIM.

Tonyuenue sxcmpakyuonHo Kanugonu

CoBpeMeHHOE ITPOM3BOACTBO SKCTPAKIIMOHHON KaHU(OIN U CKUINAApa BKIIIOYAET CIEAYIONINe
OCHOBHbBIE OIEPALMU: U3MENIbUCHHE JPEBECHHBI JI0 HICIHbl, IKCTPArMPOBAHUE CMOJIUCTHIX BEIIECTB
W3 IICTIBI, MepepadoTKa IKCTpaKTa (MULICIUTBI) Ha KaHU(OIIb, CKATTH AP, a0METHHOBYIO CMOTY U (PIT0-
TanroHHOE Macio (puc. 2). [lnsg nocTuxeHus: HaunOosee MOJTHOrO SKCTParupoOBaHUS pa3Mep ILIETbI
He JoipkeH mpeBbimath 45X25XS5 mwm. [IeuteByto paknuio 0OBIYHO OoTcenBaroT. Eciim mpolskcTpa-
TMPOBAHHYIO PEBECHHY 3aTeM IiepepaldaThIBalOT B LEUIIONO03Y, TO CIEAYeT HCIOJb30BaTh Ooiee
KPYNHYIO (paKIMio, TaK KaK CBOMCTBA IEJUIIOJIO3bl YXYALIAIOTCS M3-32 YKOPAauMWBaHUS BOJOKOH.
B kauecTBe pacTBOpUTENsI MOT'YT OBITh MCIIOJIB30BaHBI PA3JINYHbIE OPraHUYECKHE KHUJIKOCTH: OCH-

31H, OEH30JI, CKUITHIAP, XJIOPUPOBAHHBIE YTIEBOJOPO/IBI, Oy TaHOM U JIp.
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Puc. 2. [IpuHnnnuaapHas cxeMa KaHU(OIbHO-3KCTPAKIIMOHHOTO MPOU3BOACTBA [5]
Fig. 2. Schematic diagram of the rosin extraction production process [5]
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OmHUM U3 POCTEHIINX FKCTPAKIIMOHHBIX alllIapaToB ABIgETCSA 3KcTpakTop Mepua. IIpu ero nc-
MI0JIB30BAHNN PACTBOPUTEIIb ITPOTEKACT CBEPXY Yepe3 ILEIy, 3arpyKEHHYIO B OKCTPAKTOpP, KOTOPHIH
paboraet 1o npuHIMIY 3KkcTpakTopa Cokciera. B 3aBUCHMOCTH OT pa3MepOB YCTAHOBKH B DKCTPaK-
TOpE IIPU BOCBMUYACOBOM 000POTE IKCTPArupyeTcs 10 6 T ChIpbsL, IS 4ero Tpedyercst 8 T pacTBo-
putens. Ilorepu pactBoputens coctaBiusior 0,7 %. B mene octaercs npu 3tom 0,75-0,9 % cMombl.

KilaccnueckuM# METOAAMHU SKCTPArMPOBAHUS CMOJIMCTBIX BEIIECTB B IIPOMBIIIJICHHOCTH SIBJIS-
I0TCsl OaTapeitHO-POTUBOTOYHAs U OaTapelHo-ieduierMalMoHHas SKCTpakius. Bpems sakcTpakiuu
COCTaBJISIET 5—7 4 W ONpEeNsieTcss SKOHOMHUYECKOH 11e71eco00pa3HOCThI0. B KauecTBe opraHMuecKux
pactBopuTeneit ucronbsyercs 6ensun mapok bP, BJIX, «nadray u ap. [Ipucyrcrue B OeH3uHE 00J1b-
IIer0 KOJIMYECTBA BEICOKOKHUIISAIINX YITICBOAOPOIOB MOJIOKHUTEIBHO BIUSET Ha MTPOLECC, CHIDKAS BbI-
JICJICHHE JIETYUUX BEIIECTB, MOBBIIIAS PACTBOPSIOIILYIO CIIOCOOHOCTD M yMEHbIIIas IOTEPU pacTBOPHU-
TeJsl, CHUYKasl M0KapOONAaCHOCTD MOMEILEHUi [6].

[Tpu GarapeidHO-IPOTHBOTOYHON SKCTPAKIMK uepe3 OaTapero SKCTPaKTOPOB CHHU3Y BBEpX He-
MIPEPBIBHO TI0]] JAaBJICHHEM IPOXOAMT pacTBOpuTeNb. [Ipn OGarapeiiHo-nedarManMoHHOM crocode
PacTBOPHUTEND MOIAETCS B BEPXHIOIO YacTh BCEX SKCTPAKTOPOB, B HUIKHIOIO YaCTh MOCTYIAIOT Maphl
pacTBOpHTEIs, 00eCIIeYnBarOIIe HArPEB IIETBl U yIaJIeHUe coJepkalieiicst B Hell Bojbl. J{BrkeHne
HCXOJHON MMIIEIUTBI OT XBOCTOBOTO K T'OJJOBHOMY 3KCTPAKTOPY OCYILIECTBIISETCS 3a CUET yYMEHbIIIe-
HUS TI0/Ia41 CBEXKET'0 PACTBOPHUTENS B TOJIOBHOI 9KCTPAKTOP M 00JIee HHTEHCHBHOI'O €0 KUITSTYCHUS,
YeM B XBOCTOBOM. BBIKIJIFOUEHHBIE SKCTPAKTOPBI OCBOOOKIAIOTCSI OT OCTAIOLIETOCS PACTBOPUTEIIS T1a-
pom [7].

OpUTrHHAJIBHBIN TOIXO0J K IKCTPAKIIMKM KaHU(OIH TPEAJIOKEH B naTeHTe [8], B KOTOPOM B Ka-
YecTBE SKCTPAreHTa MCHOIB3YIOTCS TEPIEHBI, KOTOPbIe MOKHO BBIACISATH U3 CAMOTO ChIpbsi. MeTon
peasinzyeTcsi B anmnapare, BKJIOUYAIOIIEeM Kamepy 00padOoTKH JJIsl KOHTaKTa JAPEBECHHBI C IKCTPAreH-
TOM M AUCTHJUISIIIMOHHYIO KaMepy JUIsl pasJelieHHs N3BJICUCHHBIX KaHu(oin u TepreHos. JlaHHbII
METOJI O3BOJISIET MOJIy4YaTh KaHU(OIb 0€3 OCTATKOB KAaKMX-JINOO PEAreHTOB U MMEET MOBBIILIEHHY IO
3G PEeKTUBHOCTD: HA AKCTPAKLNIO KAaHU(OIN YXOIUT B HECKOJIBKO pa3 MEHbIIE BPEMEHH, YeM IIpH
WCIOJIb30BAHUHU JIPYTHX U3BECTHBIX MPOIECCOB IKCTPaKIuu pacTtBoputesiem (ot 30 go 60 mun). On-
HaKo TepreHs! pu Harpese Bbie 150 °C CKIOHHBI K H30MEpH3aliy 1 TIOJIMMEPU3aliH, 0COOCHHO
B MIPUCYTCTBUU CMOJISIHBIX KHCJIOT C 00pa30BaHMEM BBICOKOMOJIEKYIISIPHBIX COCAMHEHMH, KOTOpHIE
OCTAIOTCS B KaHU(OIIH, U3MEHSIS €€ COCTaB.

Jlist BbLAEsIeHUsT KaHU(OIH TAK)Ke MCHONB3YIOT FOpSUUe pacTBOPBI MIEJI0YEH BMECTO OpraHu-
yeckux pactoputeneit [9, 10]. [lonyyeHHble pacTBOpbI MbliIa BHICAJIMBAIOT U OTCTAUBAIOT B Teue-
HUE JUTMUTEJIBHOr0 BpEMEHHU. BbljeseHne Tak Ha3bIBaeMOro KaHU(OJIBHOIO MbLIa COMPOBOXKIACTCS
IporieccaMy CaMOOKHUCIICHH S, UTO IPUBOANT K IIOTEMHEHHIO MPOAYKTa. Pemaror qannyto npobiemy
yTEeM 3aMeHbl BO3/lyXa YIJIEKHCIBIM ra3oM. V3 nony4eHHbIX pacTBOPOB KaHU(OIBHOTO MbLIa CBO-
601HYyI0 KaHH(OIb MOXKHO BBIJICJIUTH C IOMOIIBI0 MUHEPAIBHBIX KHCIOT WIH YTJIEKUCIOTHL. Hemo-
CTaTKOM JaHHOT'O METO/a SIBJSETCS 3arpsi3HEHHE CTOUHBIX BOJ U JOMOJHUTEIBHBIC 3aTPaTHl Ha Ipe-
JOTBPAICHNE OKUCIICHUS KAaHU(OIIH.

DddexTnBHBIA MeTON U3BIeYeHUs KaHH(DOIU — cBepXxkpuThudeckas skcrpakuus (CKD) miensr
yraekucisiM razoM (CO,) [11, 12]. Baxkabim npenmymectsom Metoga CKD sBIseTCSI BOSMOXHOCTH
YIPAaBISITh PACTBOPSIOLICH CIOCOOHOCTBIO IPU BapualllK JaBICHUS U TEMIIEPaTyphbl, & TAK)Ke HU3-

Kasg BA3KOCTb CBCPXKPHUTHYCCKOI'O 3KCTpPArcHTa, O6CCH6‘II/IBaIOH.[a$[ Oonee 6BICTpLIfI MaCCOO6MeH,
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4YeM B KUJKOCTSX. [ TaBHBIM K€ HEZOCTAaTKOM, CACPKHUBAEMbIM MPOMBIIIIeHHOe pumMeHenne CKD,
CILy’KMT BBICOKasi CTOMMOCTb 0OOpY/JOBaHUS JJIsS IPOBEICHMS MpOLecca MPH MOBBIIICHHOM JaBJie-
Huu (5-50 MIla). YcraHoBieHa BOZMOKHOCTD HOJIYUYEHHU I COCHOBOM K HBHIIBI U3 IPEBECHHBI B (hopme
MOHOJIUTOB Maccoi 10 75 r ¢ npumenenueM uuctoro CO, npu naBinenuu meree 50 MIla B reuenue
4 4, IpH 3TOM BBIXOJ SKCTPAKTUBHBIX BemecTB cocTaBmia 10 % [12]. Mcnonp30BaHne COIKCTpareHTa
1o3BoJIsIeT MOBBICUTH 3 dexkTnBHOCTE Mponecca CKD nuokcunom yriepoaa. Tak, nodasienue 10 %
3TaHOJIa TI03BOJIMIIO YBEITUYUTH BBIXOJ SKCTPAKTUBHBIX BEIIECTB U3 COCHOBBIX OMUIIOK ¢ 93 10 97 %

U CHU3UTH IPOJOKUTENBHOCTH Ipouecca ¢ 8 1o 2 v [13].

Memooul ouucmxu SKCMpaKyuoHHoU Kanugoiu

CoBpeMeHHbIE METO/[bl OYMCTKH KaHU(OJIH MTPEICTABISIOT COOOM CI0XKHBII KOMILIEKC (PU3HUKO-
XMUMHAYECKUX MPOLECCOB, HANPABICHHBIX HA yJAJCHHE JICTYYHX (CKUIHMIAP) M HENETYy4uX (OKpa-
IICHHBIE COEIMHEHNU S, HEUTpalbHbIC BellleCcTBa) npumeceil. OTneneHne CKUIuaapa ocyuecTBIseTCs
MPEUMYLIECTBEHHO TUCTHUILISALUEH BOISHBIM IAPOM, TOT/Ia KaK Ul YAAJCHUS HeJeTYYHX puMeceit
MPUMEHSFOTCSI METO/IbI CEJIEKTUBHOW AKCTPAKIIMHU, aJCOPOLINHU, CBEPXKPUTHIECKON IKCTPAKIIMH U XHU-
Mu4eckoil Mogudukanuu. Kaxaplii U3 9THX METOMOB MMEET CBOM MPEHMYIIECTBA M OrpaHHYCHUS,
a UX BBIOOp ompenensieTcs TpeOyeMbIM KaueCTBOM KOHEYHOTO MPOJYKTa U SKOHOMHUYECKUMHU CO00-
paxxeHusiMu. Hanbonee NepCHeKTHBHBIE «3CICHBICY» TEXHOJOTUU (CBEPXKPUTHYECKAs SKCTPAKIUS
Y KOMOMHHPOBAaHHBIE METO/IbI) TIO3BOJISIIOT JOCTHYb BBICOKON CTENEHH OYUCTKH KaHU(OIU IIPU MU-
HUMAaJIbHOM BO3CHCTBUH Ha OKPYIKAIOIIYIO CPEy.

Hanuuune ocTaTOYHOrO CKUIKAAPa CHUKAET TEMIepaTypy pasMsryeHus KaHU(OIU U NpUaeT
il JIUIKOCTB, OITOMY OH JOJDKEH OBITh yJalieH u3 KaHU(OJIH MPaKTUYECKHU ITOJHOCTHI0. B 3aBucH-
MOCTH OT croco0a moyiy4eHus KaHu(pOIM OT/AEICHUE CKHUIIMIapa MOXET IMPOUCXOANUTh Ha Pa3HbIX

CTaIUAX TEXHOJIOTHIECKOTo mporecca (Tadm. 2).

Ta6nuua 2. OCHOBHBIC METO/IbI YIAJICHHS CKUITHIapa U3 KaHU(POIU

Table 2. Main methods for removing turpentine from rosin

Meton IIpunuun neicteus [IpeumymiecTBa 1 HEAOCTATKU Ccpuiku
IIpenBapu- [Iponyckanue octporo mapa (120-200 °C) | UMeeT HU3KYIO CTETIEHb H3BIeUeHUS. | [14]
TeNbHAs Mapo- |dYepe3 CIOH Memnsl 0 Hadana SKCTPAaKnuu. | [ MOBBIIIEHHUS BBIXOJA M KadecTBa
Basg oOpaboTka |Mcnonb3yeTcs IS BBIJCNCHHS JIETYdYHX | CKHIHAApa MpPOIEecC BEAYyT B pa30aB-

IETBI TEpIIEHOB Ha PaHHEH CTaauH JICHHOM IIIEJIOYHOM PacTBOpe
[TapoBas o1- | PacTBOp cMouibl B pacTBopuTele nocrymna- | Knmaccuueckuit meron s mpous- | [7, 15]
TOHKAa M3 9KC- |eT B Ky0 NEepHOAMYecKOro JeHCTBUS WM | BOACTBA. HemocraTok 3akiroyaercs
TpakTa B HENPEPHIBHO JEHCTBYIOIIYI0 KaHU(O-|B TOM, YTO MEPErpeThlii map MOXKeT
JIEBAPOYHYIO KOJIOHHY, TZIe PACTBOPUTEIND | YXYALIATh IBET KaHH(OIN
U CKHITUJAp OTTOHSIOTCS HEeperpeThiM Ia-
pOM OoT KaHu(pOIH
Bakyywm- Hcnapenuie u OTAEICHUE JIETYYEero CKUIU- | YIIydIllaeT IIBET M KayecTBO Kak cku- | [16—18]
OTrOHKA Japa OT KaHH(ONM NPH HArpeBe W MOHH- | MUAApa, Tak U KaHU(oIH 3a cyet Ooee
JKEHHOM JaBIICHUN MSTKOTO TEMIIEpaTypHOTO pPeXHMa,
OJTHAaKO JAaHHBIIl METO]] CBSI3aH C BBICO-
KMMU KalUTaJIbHBIMU 3aTpaTaMy
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[Tpu sKkCcTpakMOHHOM crioco0e MoNy4YeHUs] KaHU(OIN CKUMTUAAP U3 JIPEBECHOH ILIENbl MOMKET
OBITH yJaJIeH Ty TEeM IpeIBAPUTEIBHON 00pabOTKH CHIPhsI IeperpeThiM mapoM. O6paboTKy IPOBOASIT
npu TemnepaTtype okoso 150 °C aist u3BIe4YeHUs CKUTIHIapa U Macell, TOCIIe YeTo MPOBOIST IKCTPAK-
1110 KaHU (O OpraHnuecKuM pactBoputesieM. OIHAKO CKUITHIAp MOKHO YAJIATh HEIIOCPECTBEH-
HO M3 DKCTPaKTa B kKaHU(OJIeBApOUHOH KoJoHHE [7]. I3BecTeH Takke criocod yBapuBaHust KaHU(OIIH,
BKJIIOYAOIIMI1 HEITPEPBIBHYIO OTTOHKY CKHUIIMIApa U3 TEPIEHTHHA IIPU TOHNKEHHOM JIaBJICHUH B JIBE
CTaJuM ¢ MpHUCAKON ocTporo napa. OTTOHKY BEAYT MpU ocTaTouyHOM naaBieHuu 60—160 MM pr.cT.
npu temnepatype 130-160 °C nHa nepsoit craguu u npu 160—-170 °C na Bropoii [19]. IIpu ucnonsso-
BaHWH HEKOTOPBIX METOAOB, HAIIPHUMEP IKCTPAKIIUH LIETOYHBIMHI PACTBOPAMH, CKUITUAAP MEPEXOTUT
B OMYJIBCHIO BMECTE C MBUIOM U y/aJIsieTCs Ha MOCIEAYIOMNX CTaausaX nepepadboTku [14].

B psine cnyuaeB kanudoiib, BBIBOAMMAs U3 KaHU(OJIEBAPOUHONW KOJIOHHBI, BCE €IlE CONCPKHUT
XBOCTOBbIE ()PAKIIMM CKUIMUIAPa, KOTOPhIE YIeTyUHBAIOTCI NpU pas3inBe kKaHudosn B 0ouku. s
yAaleHus 3TUX OCTATKOB MPUMEHSIOT era3annio. COBpeMEeHHBIE METO/IbI OCHOBAHBI Ha UCIIONIH30Ba-
HUU BaKyyMa M 110/1au€ aKTHBHBIX I'a30B, KOTOPbIIl TOMUMO BBICOKOW CTENICHH MU3BJICUECHUS CKUIIH 1a-
pa Tak’ke MO3BOJACT COKPATUTH BpeMs auctuiuisaiuu Ha 20—60 % [20]. B xauecTBe akTHBHOTO rasza
0OBIYHO HCTIOJIB3YETCS eperpeThiii nap ¢ remneparypoii ot 300 o 400 °C

[Mocne otaeneHus ckunugapa KaHU(OJIb COACPKUT OKpAIICHHbIE OKHMCICHHBIE COEIMHEHMS,
HEHTpaIbHBIEC BEIECTBA U IPYTHe IIPUMECH, KOTOPBIE MOT'YT OBITh y/IaJI€HBI C TIOMOIIBIO (PU3NIECKHUX
METOJIOB (CEJICKTHBHAsS SKCTPAKIIMSL, aJICOPOIHS, IUCTHILISLINS) UM XUMUYECKOM Moaudukanuu (ru-

JIpUpPOBAHUE, AUCIPOIIOPIIUOHUPOBAHIE) (TA0I. 3).

Tabnuma 3. MeToabl O4uCTKH KaHu(OIU

Table 3. Methods of rosin purification

Meron Kparkoe onucanue Ccpliku
DKcTpakuus O0paboTka OEH3MHOBOTO pacTBOpa KaHU(OIHM CENEKTHBHBIM pacTBOpHTENeM |[21]
OPTaHUYECKUMH | TS yaJIeHUsS OKPAIIEHHBIX coeinHeHNH. CMOISTHBIE KUCIOTHI OCTAIOTCS B OCH-
pacTBOpUTENSIMH | 3MHOBOH (haze. OCHOBHBIE TPEHMYIIIECTBA METO/Ia — 3TO BBHICOKAS CENEKTHBHOCTD

u pocToTa 0bopynoanus. COOTHOIIEHUE OCH3NHA M PACTBOPHUTEIS MOXKET Me-
HATBHCS JUISI JOCTHIKEHUS HYKHOH CTENIEHN OCBETICHUS MPOAYKTa
Ancopbuust PacTBOp kaHn(OIH B OEH3MHE KOHTAKTHPYET C COPOSHTOM, KOTOPBIN CENEKTHBHO | [22, 23]
YAEP’KUBAET OKUCIICHHBIE BELIECTBA, & CMOJISIHbIE M JKUPHBIE KUCIOThI BO3Bpallia-
0T B IIPOLIECC TOPSIYUM pacTBOpuTeieM. [1aBHOE MpeuMyLeCTBO METOa — IIPO-
CTOTa MpOIlecca, OHAKO OH MEHEE CENEeKTUBEH 10 CPABHEHMIO C IKCTpaKIUen
Cepxkputnue- | PacTBop kaHH(}OIM B OpraHMYECKOM pacTBOpHUTEIe dIKCTparupyoT CO, mpu nas- | [24]
ckast okcTpaknus | neHuu 10—45 MIla. B cemapatope CO, nepexonur B ras, ocaxasi ejaeBble KOM-
CO, MOHEeHTHI. HeoctaTkoM siBIsieTCsl BRICOKAsi CTOMMOCTH 000pyI0BAaHNUS
I'unpupoBanue | HachbllieHue IBOWHBIX CBSA3EH CMOJISIHBIX KHCJIOT BOJOPOAOM B IPUCYTCTBHH Ka- | [25-29]
tanu3aropa. [IoBeimiaet cTabMIBHOCTD K OKUCIICHHIO, YIYUIIaeT [BET U TePMO-
cToiikocTh. HemoctaTkaMul SIBISIIOTCS CIOXKHOCTD aInapaTypHOro oGpopMIIeHHUs
U JIONIOJIHUTENIbHBIE 3aTPaThl HA KaTalu3aTOPbl
Hucnpornopiyo- | [lepepacnpeneneHue Bogopoaa MEXAy MOJEKyJIaMH CMOJSHBIX kuciot. [lpu- |[30, 31]
HUpOBaHHE BOJUT K MOJYYEHUIO CBETVIOW M YCTOHYHMBOH K OKHCIIEHHIO KaHH(OIH, 0e3 u3-
MEHEHUS KHCIOTHOro uncia. HemocTatkaMu SBIISIOTCS BEICOKAsl TeMIIepaTypa,
JUITMTEBHOCTH MPOIIecca, JOTOIHUTEIbHEIE 3aTPaThl Ha KaTaln3aTOPhI
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dypdyponbHas ouMCTKa CTajla MEPBbIM KOMMEPUECKH YCIEUIHBIM METOAOM papMHHUPOBAHUS
KaHU()OIU, KOTOPast MO3BOJIMIIA 3HAYUTEIBHO YJIyUIIUTh BET AKCTPaKUNOHHON Kauuposn. [Ipun-
LUII METO/1a 3aKIII0YAETCsl B MCIIOIb30BaHUU Qypdypoiia Kak CeIeKTUBHOI'O PACTBOPHUTEIIS, KOTOPBIi
n30MpaTeNbHO M3BJIIEKACT OKPAIICHHbIE OKUCICHHBIC COCIUHEHNS M apoMaTHYeCKHe KOMIIOHEHTHI,
ocTaBJisisi B OCH3MHOBOM (pa3e OuMIIeHHbIE CMOJISIHBIE KUCIOTHL. Kiaccuueckas TEXHOIOTUs TIPEATIO-
JaraeT pacTBOpeHHe KaHU(OIU B OSH3UHE ¢ Iocienyoleii oopadboTtkoit hypdyporom. B pesynsrare
o0pa3syroTcs aBe Kuakue Gpasel — GyphyposbHasi, coaepKaias OKPAIICHHbBIC BEIIECTBA U OKHCIICH-
HBIE CMOJIBI, U OEH3MHOBAS, COJIEPIKAIIASI OUUIIECHHYIO CBETIYIO KAHU(OIIb.

[Momumo dypdyposa s O4UCTKH KaHUPOIHU TPUMEHSIIOTCS U IPYyTHe CEIeKTHBHbBIE PACTBOPH-
tenu. K nx 9mciry OTHOCSTCS aHWIIMH, H-OyTaHOJ, XKUAKUH JUOKCH]] CEePbl, HUTPOAJIKAHBI, HAIPIMEP
HuTpomeTraH. bonee s hekTHBHBIMY IKCTpAreHTaMu SIBJISIFOTCS. HU3IIHE FOMOJIOTH (METaHOJ JIydIle
9TaHOJIA), COSAMHEHUS C IUKINYECKON CTPYKTYpoH (Qpypdypos sydine aneTanbIeruaa), a Takke Be-
mecTtBa ¢ noixsapasiMu rpynnamu (OH, NH,, CHO). Takske npeaioskeHo HCIoIb30BaTh METHICHXJIO-
PHUA AT PACTBOPEHMSI CMOJIBL, TIOCIIE Yero KaHU(OJIb 0CaXa0T 100aBIeHHEeM aneToHnTpuia [21].
[MTony4yaemast KaHU(OJIb UMEET CBETIIBIN [[BET, BLICOKOE KUCIOTHOE YHCIIO U HU3KOE COICPIKAHHE He-
OMBUISIEMBIX BEIIECTB.

Hapsiy ¢ )KUIKOCTHOM 9KCTPaKIMeH Il OYMCTKHU KaHU(OIH IPUMEHSIOT aICOPOIIOHHBIE Me-
ToABl. B KauecTBe cOPOEHTOB HCIIOIB3YIOT OTOENBHBIC TITUHBI ((PyJuIepoBa 3eMiIsi, OEHTOHUT, MOHT-
MOPHJUIOHHUT, OOKCHT), aKTUBUPOBAHHBIN YTI'OJIb U IPyTHe MOPUCThIE MaTepuaibl. PacTBop kaHudou
B OCH3MHE NPOITYCKAIOT Yepe3 CJIOW copOeHTa MM MEepEeMEeIInBaIOT C HUM, IIPU 3TOM COpPOEHT ce-
JIEKTUBHO YACPKUBACT OKUCIIEHHBIE BEIIECTBA, & HOPMAJIbHbBIC CMOJISTHBIC U JKHPHbIC KUCIOTHI 3a-
TEM M3BJICKAIOTCS TIPOMBIBKOI TOPSIYMM PAaCTBOPHUTEIEM U BO3BPAIIAIOTCS Ha OUNCTKY. OKHCIEHHBIC
BEIIIECTBA, OCTABILIHUECS HA COPOSHTE, U3BJICKAIOTCSl TAKUMHU PACTBOPUTEISIMHU, KaK alleTOH, Oy TaHOI
wiu ux cMecH [22, 23]. [Ipenmy1iecTBo agcopOIHOHHOTO METOa 3aKII0YaeTCs B €0 OTHOCHTEIFHON
MPOCTOTE, OJIHAKO OH MEHEe CEJIEKTHBEH 110 CpaBHEHHUIO ¢ GypdyposibHOI SKCTpaKkiueid, U moyya-
emast 1ociie ajcopOIMOHHON OYMCTKH OKMCICHHAs CMOJIa HMEET HU3KYIO TeMIIepaTypy IUIaBICHUS
47-50 °C).

B nociegHme T0/bI 3HAUNTENBHOE BHUMAaHNE YACSETCS «3€JICHBIM» METO/IaM OYHCTKH, B 4aCT-
HOCTH, CBEPXKPUTHUYECKON IKCTPAKIIUU AUOKCHAOM YTJIepoaa MpH BeICOKOM naBieHuu (10—45 MITa)
[24]. [Tocie BBIAEP)KKH B SKCTPAKIIMOHHOM aIapaTe pacTBOp MOAAETCS B Ceraparop, Iie Ipu u3Me-
HEeHUU TemIieparypbl u/unu aasierust CO, NepexoauT B ras, M IKCTparupoBaHHasi KaHU(OJIb OCax1a-
eTcst. DTOT METOJ] UMEET BBICOKYIO 3()(heKTHBHOCTB, IIO3BOJISET U3BJIEKATh 10 80 % CMOJISHBIX KHCIOT
Y MCHOJIB3YETCSI ISl IOy YeHHS BBICOKOYHMCTHIX (DpaKIMK CMOJISIHBIX KHUCIIOT, IPUMEHSEMBIX B (ap-
MaIEeBTHYECKOH MPOMBIIINICHHOCTH M ITPH IIPOU3BOICTBE CHIEIIMAIBHBIX XUMHKATOB.

Kpome pu3nueckix METOI0B OUUCTKH ISl YIIYUIIEHHS CBOMCTB KaHU(OIU TPUMEHSIIOT XUMHU-
YecKy1o MoAM(UKALIMIO, KOTOpasl yAaJsieT He)KelaTeIbHbIe KOMIIOHEHTHI 1 yJIy4lIaeT ee SKCIulyara-
[IUOHHBIE XapaKTePUCTUKH.

I'mapupoBaHue KaHU(OIH TTO3BOJSET HACHITUTH ABOHHBIC CBSI3M B MOJIEKYJIAX CMOJISIHBIX KHC-
JIOT, YTO TMOBBIMIACT CTAOMIIBHOCTh KaHH(DOIHM K OKHCICHHUIO U JejaeT ee Oojiee cBeION. ['uapupo-
BaHUE KaHU(OIN ra3000pa3HBIM BOJOPOIOM OCYIIECTBIISIIOT B IPUCYTCTBUN HUKEIEBBIX [25], poau-
eBBIX, KOOAJIBTOBBIX [26], pyTeHHEBBIX U MajulagueBbIX [27, 28] KaTaau3aTOPOB MPHU MOBBIIIEHHBIX

nasiennu (3—10 MIla) u remnepatype (o 300 °C). 'mapupoBanne B NPUCYTCTBUH OPraHUYECKOTO

— 544 —



Journal of Siberian Federal University. Chemistry 2026 19(3): 536555

pactBopuTels (OEH3MH, YKCYCHAsi KHCIIOTa) MO3BOJISIET YMEHBUIUTD BA3KOCTh CHCTEMbI I OHU3UTH
Temneparypy npouecca. IIpi moHMKEHNN TeMIlepaTypbl yMEHBIIASTCS CKOPOCTh Ipolecca JeKap-
OOKCHJIMPOBaHUS, YXY/ILIAIOIIEro cBoiicTBa kanudoau. KarannzaTtop UCHoib3yoT B BUJIE MOPOIIKA
NI OJIOKOB C STYCUCTON CTPYKTYpoii [27]. OTaeneHne mopomKoBbIX KaTaau3aToOpOB OT BA3KOI KaHHU-
oy sIBISIETCS CIIONKHOI TeXHUYeckoi 3anaueil. CoBpeMEHHbIE PELICHU S BKIIIOYAIOT UCIIOJIb30BAaHUE
MarHUTHBIX U OJIOYHBIX STYEUCTHIX KaTallM3aTOPOB. MarHUTHBIE KaTaJIn3aTOPbl MOTYT JIET'KO H3BJIE-
KaThCs C MOMOIIBI0 MaruuTa [28], a ucnoiab30BaHUE OJOYHOrO Karajiu3aropa B (opMe sUYCHCTOrO
0JI0Ka UCKITF0YAeT ero U3METbUCHIE U IIOTEPH IpH cenapanuu [27].

OnHUM M3 NIEPCHEKTUBHBIX HAIIPABJICHUH B 00JIACTH KaTaJUTHYECKOrO THAPUPOBaHMS KaHU(DO-
JIM SIBJISIETCS] HCIIOJIB30BAHUE BMECTO MOJIEKYJISIPHOTO BOIOPOA OPTaHNIECKUX COSTMHEHUH — JIOHO-
poB Bogopona [29]. K HuM oTHOCATCS hopMHUAT HATPHS, HAPTCHOAPOMATHYCCKUE COCTUHCHUS U PSi]T
JIpYTHX.

B mporiecce aucnponopioHpoBaHust KaHU(OIH Niepepacipe/iesieHne BOA0poa MEX/y MOJie-
KYJIaM{ CMOJISTHBIX KHCJIOT POUCXOANT C 00pa30BaHUEM JIeTHIpOaOHEeTHHOBOM KHCIOTHI. DTOT HMpPO-
[[eCC OCYIIECTBIISIETCS] IyTeM HarpeBaHus KaHU(OJIM B IPUCYTCTBUHU KaTain3aropos. [Ipu aToM unc-
MOJIB3YIOT KaK paCTBOPUMBIE KaTaJIM3aTophl (cepa, celeH, o, NX OpraHnYecKre 1 HeOpraHN4ecKne
COeIMHEHMS), TaK M MeTajuindeckue karaiausaropsl (Pd, Ni, Pt) Ha uHepTHBIX HOCHTENSIX (YIIEpO,
cuinkaresns, riHa) [30]. [Ipennosken cioco6 aucnponopuoHnpoBanust Kanugonau npu 230-280 °C
B IIPUCYTCTBHH CEJICHOPraHUYeCKux coeanneHuit popmynsl R-Se-R nnu R-Se-Se-R, rae R — apu,
ankm, ayuti (C;—C,), B3aTeIX B kommuectse 0,1-3,0 % ot maccel kanudonu [31]. B otimmune ot us-
BECTHBIX CIIOCOOOB C HCIONB30BAaHUEM DJIEMEHTAPHOTO CEJCHA, KOTOPhIe MPUBOIAT K MOIYUYCHHIO
TEMHBIX TPOJYKTOB M TPEOYIOT CIEIUaJILHON NMepepadOTKH, JaHHBIH METOJ MO3BOJISIET MOJIydYaTh
CBETIIYIO KaHU(OIIb, HE TPEOYIOIIY IO TOMOJIHUTEIHON IepepadOTKH.

[Tpumenenue ankmiaucynbduadenondopmanbIernaHbIX 3pUPOB MaIEMHOBOH MK GyMapoBoi
KHCJIOT B KQUECTBE OCBETIISIOIINX areHTOB JIsl IepepaboTKU TEMHBIX COPTOB KaHU(OIH MMO3BOJISET
M0JIy4aTh NPOLYKT BBICOKOTO KayecTBa [32].

BaxcHbIM mokazaTenieM KauecTBa KaHHU(OJIHM, IOMHUMO €€ LIBETa, SBJIIETCS TeMIeparypa pas-
mardenus. Ilomydaemas B mpomecce 3KCTPaKIMOHHOTO IPOU3BOJICTBA KAaHU(OIb MOXKET OBITH H0-
CTaTOYHO OCBETJICHHOM, HO IIPU 3TOM UMETh TEMIIEPATYPY pa3MsITrdeHus HIDKE TpeOyeMbIX 3HaUeHUH.
B Takux ciydasx NpUMEHSIOT pa3iIndHbIe crioco0bl 00IaropaxnBaHu st KAaHU(OIIN Iy TEM HOJIUMEPH-
3aIl¥ B HATPETHIX PAaCTBOPaX WM PaclljlaBax B IPUCYTCTBUH TOMOTCHHBIX U T€TEPOTeHHBIX KaTalu-

3aTopoB [33].

Ilpumenenue skcmpakyuoHHOU KaHupoau

Kanndosb 1 npoyKThl €€ XUMUYECKOW MOAM(UKALIMN HAXO/SIT IMPOKOE IIPUMEHEHHE B CAMbIX
PasHBIX OTPACIAX IPOMBIIIJICHHOCTH — OT TPAJAUIIUOHHBIX (OyMakHasl, TAaKOKPACOYHAas, TOTUTpadu-

YeCKasl) 10 BBICOKOTEXHOJIOTMYHBIX (IIOJTMMEPHBIC MaTePHAIIbl, OMOMEIUIIMHA, JICKTPOHHKA) (pHC. 3).

Tpaouyuonnvie obnacmu npumeHeHus.

OCHOBHBIMH TOTPEOUTENIMH KaHU(OIH SBISIOTCS LEUIIOI03HO-OyMaxcHasl, JaKOKPacouHas
u nonurpaduyeckas npombiinieHHocTH. Kanudoub 1 ee mpon3BoiHbIE UCIIONIB3YIOTCS B IPOU3BO/I-

CTBE IPOKJIEEHHBIX COPTOB OyMaru v KapToHa, TA€ OHU BBIOITHSIOT (QyHKIIHIO THAPOGOON3aTOPOB,
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Fig. 3. Applications of rosin

Mpugaonmx Oymare BOZOOTTalKUBaroImue cBoiicTBa [2]. Kpome Toro, mpokieiika MalenHU3UPO-
BaHHOW KaHU(OIbIO CHMIKAET PACXOJ MPOKJICHBAIONIET0 COCTABA M MOBBIIIAET MPOYHOCTH OyMa-
'Y, 0COOGHHO CONPOTHUBIICHNE PA3PHIBY B CYXOM M BIIQXXHOM COCTOSTHUSAX. [locnenHee mpoucxoguT
3a CUET TOr0, YTO YACTHIIbI KAHU(OJIM HE TOJIBKO CO3JIAI0T Oapbep, HO U YACTUYHO CKIIEHBAIOT BO-
JIOKHA, 00pa3ys JOMOJHHUTEIbHBIE MEXMOJICKYJIsIpHbIEe CB3H. Vcrmonb30Banne MOIM(PHUIIMPOBAH-
HOU kKaHudonu (Hanpumep, MaJCMHU3UPOBAHHOW) ITO3BOJISIET YIYULIUTh THAPOPOOHOCTh U MOBbI-
CHUTB yIep)KaHHUE YACTHII B CTPYyKType Oymaru [34, 35]. ManenHu3npoBaHHAs KaHU(OIb, Oaromaps
HaJMYHIO B €€ CTPYKTYpe TpeX KapOOKCHUIIBHBIX I'PYII, MOXKET BBICTYTATh B POJIH (PyHKIIHOHAIb-
HOT'O 3aMEHUTENS] TPUMETHILUINTOBOTO aHTHAPUIA, YTO PACIIUPSET BOZMOXKHOCTH CHHTE3a HOBBIX
(YyHKLIMOHAJIBHBIX MPOM3BOJHBIX JUISl JAKOKPACOUHBIX MOKpbITUN [36]. CriocoOHOCTh KaHU(OIH
KPUCTAJUIM30BaThCs KpallHE HEXKellaTelbHa ISl JJAKOKPACOYHOM, KaOenbHOM M OyMa)XHOH mpo-
MBIIJIEHHOCTH, TOCKOJIBKY €€ TPpyAHee OTMBIBaTh, OHA JIETKO KPUCTAJIU3YETCS B PACTBOPUTEIAX,
HCIOJIBb3YEMBIX JUISl IPUTOTOBIICHUS JIAKOB, U 00J1a/1aeT MOHMKCHHBIMH JTUAJICKTPUIECKUMHU CBOM-
crtBamu. Jluisi mpeaoTBpalleHus] KPUCTAIM3AUN UCIIOJIB3YIOTCS Pa3IMuHble CTaOUINM3UPYIOLIUe
nob6asku [37].

B nakokpacouHOW MPOMBIIIICHHOCTH KaHU(OIb U ee 3QUPbI BXOAST B COCTAB JIAKOB, KPACOK
W AMaJIeH, yirydinas aare3uio, TBEpAOCTb U OJecK MOKPhITHHA. B monurpaduu kaHU(OIBHBIE CMOIIBI
CJIy’KaT OCHOBOM IEYaTHBIX KPACOK, o0ecrieunBas HEOOXOIMMYIO BS3KOCTh U THKCOTPOITHBIE CBOM-
ctBa [2]. I1pu B3anmoneiicteun kannudonau ¢ NaOH niu Na,COs; obpa3zyercst Na-kaHn(pOIBHOE MBLIO,
UCIIOJIb3YEMOE B MbIJIOBapeHHOH npombliieHHocT [7]. Kannugonb criocobHa BeTynarh B peakIio
C METaJUIaMH, COJISIMHM M LIeJ0YaMH, 00pa3ys pe3uHaThl. Pe3sMHAThl MPUMEHSIOTCS B KAaUeCTBE I10-
JUPYIOIIUX CPEJCTB, MACTUK, Cypry4a M CBS3YIOLIMX JJIs JIMTEHHBIX cTepykHei. Hanbonee mupo-
KO€ IIPUMEHEHHE ITPH U3TOTOBJIECHUH JIAKOB M KPACOK MMEIOT PE3MHAThI IIMHKA U Kajablius. PesnHar,
comepxamuii 8,5 % nuHKa, UCIOIb3yeTCs B Ka4eCTBE CMOJSHOW OCHOBBI OCH3MHOBBIX KPAcOK s
riryOoKoii mevyatu. Pe3anHat Kanbius, cogepykaimuii 2 % KaJbIusl, HCIOJIB3YESTCs IS IOy YeHHS TO-
JYONBHBIX KPACcOK uis riy0okoii neuaru [38]. MonuduuupoBanHbie KaHU(OIN TaKKe HAXOAST MPHU-

MEHCHHE B IIPOM3BOJICTBE TEPMOILIACTUIHBIX KJeeB. Hampumep, snkan b-103 — rmuniepuHOBHIN 3dup
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9KCTPAKIIMOHHON KaHU()OJIU, MOIU(PHUIIMPOBAHHON (hopMabIeruoM, HCIIONb3YETCs B KJISSIX JUIsl Me-
OeNbHON TTPOMBIIIIICHHOCTH [7].

Kanungosb sBIIseTCS OIHUM U3 OCHOBHBIX KOMIIOHEHTOB (DJIFOCOB ISl MMaliKK Oyiaroaapsi CBOMM
(ITFOCYIOIMM CBOMCTBAM: OHA yJAJIsieT OKCH/IHBIE INICHKH C TOBEPXHOCTH METAJIJIOB, yIIydlIaeT cMa-
YUBaHUE MPUIIOEM U MPEIOTBpAIIACT OKUCICHHE B mporecce naiku [39, 40]. MoaudunupoBaHHas
KaHHU(OJIb, B YaCTHOCTH 00paboTaHHAs THAPOKCUIOM KaJIbIHSI, HCIIOJIB3YETCS JIJIsl HOBBILIEHHU S (DITto-
CYIOIIUX CBOMCTB IMOJMMEPHBIX KOMIAYHO0B. B 3JeKTpOTeXHUYECKOI TPOMBINIICHHOCTH PUMEHS-
I0TCS CHIEMAIbHBIE COPTA KaHU(OIIHU C BEBICOKUMHU 3JIEKTPOU30JISIIIHOHHBIMI CBOHCTBAMH. DJIEKTPOH-
30JISIIIMOHHBIC JIAKK HA OCHOBE MOIU(BHUIIMPOBAHHBIX (PEHOJIBHBIX CMOJI C KAHU(DOJIBIO 00ECIICYNBAIOT
3amuTy anekTpudeckux nemnei [41]. Ocoboe 3HaueHHEe nMeeT KadeabHas HEKPHCTAJUIN3YIOIIAsICs
moauduipoannas kanudons (KHMK), kotopas npeacrasisiet co0oii MpoayKT YaCTUYHO dTepu-
¢ukanuyn kanngonu rauuepuaoM. KHMK ucronb3yercst B Ipou3BOACTBE Pa3IMYHBIX POMUTOYHBIX
COCTaBOB M KOMIIAyHJOB U o0yiaziaeT 0ojiee BHICOKUMHU U CTAOMIIBHBIMH 3JEKTPOU30JISIIMOHHBIMH

CBOWMCTBAMH I10 CPAaBHEHHIO C OOBIYHOM [7].

HO]luMeprle mamepuailbl U KOMNno3umaosl

Kanudonp sBiasercs 3Qp(GEKTUBHBIM M IKOJOTHYECKH O€30MacCHBIM 3aMEHHUTEIEM HE(TAHBIX
JKECTKHX CIIUBAIOIIUX areHTOB I CO3/MaHUsI OMOMOIUMEPOB C YIYUIICHHBIMH MEXaHHYCCKUMU
U TepMHUYECKUMH cBoWcTBamMu [42]. brnarogapsi HaIM4KMIO B MOJIEKYJIaX CMOJISTHBIX KHCJIOT KapOOK-
CHJTBHBIX TPy U JIBOMHBIX CBSI3EH, KAHU(OIH MOXKET MOIBEPTraThCs Pa3IMIHBIM PEaKIIASIM MOIH(H-
Kaluu: dTepu(pUuKanny, THAPUPOBAHUIO, AUCIPOIOPLIHUOHUPOBAHKIO 1 tuMepu3anuu [43]. [IpoxyKTe
ATUX PEaKIUil HAXOMSAT IPUMEHEHUE B MIPOU3BOACTBE IMOKCHIHBIX CMOJ, ITOJINYPETAHOB, MOIUIDH-
POB 1 noMamMuioB [44—46].

[onumepu3amuo KaHUPOIU B OCHOBHOM IPOBOIST B IMPUCYTCTBHH KHCIOTHBIX KaTalll3aTo-
POB, B YaCTHOCTHU CEPHOM KHCIIOTHI, B Cpe/ie OpraHndeckux pactsopurencit [47]. Taxxe B kauecTBe
KaTaJIM3aTOPOB MOIUMEPH3AIUN UCIIONB3YIOT TaJOTCHUIBI METAJUIOB B OopHYI0 Kucimoty. [Ipu ux
nprMeHEeHUH TpeOyeTcst Gosiee BbICOKasi TeMIiepaTypa JUlsl Ipolecca IMoJMMepU3alii, OJHAKO OHH
SIBJISIFOTCS 00JIee IKOJIOTHIHBIMU | MIPOIIE YTUIH3UPYIOTCS, 9YeM CepHask KACIOTA.

KapOoxcuibHas rpyria KaHU(OJIH BCTYAeT B PEaKI[UI0 CO CIMPTaMU C 00pa30BaHUEM aJIKU /-
HBIX CMOJI. AIIKUJHBIC CMOJIBI, IIPUTOHBIC IS MCIIOIB30BaHUS B KOMIIO3UTHBIX MOKPBITUSX, OBLIN
MOJTyYeHbI dTeprudHKaIineii MOTU(GUIUPOBAHHON HEHACKIIICHHON MOJIUKapOOHOBOM KHUCIOTON KaHH-
(hoNbI0 ¢ MHOTOATOMHBIMH cripTaMu [48]. ATKUIHBIE CMOJBI MOTYT OBITh TaK)Ke MOJTYYEHBI B3a-
UMoyieiicTBHEM KaHU(OIH C aKPHIJIOBOH KHUCIOTOM MM MaJICMHOBBIM aHTHJIPHJIOM C TOCIE/ Y FOILeiH
srepudukanueii [49]. beamacnsHas anKuaHAS CMOJIA TTOTyYeHA B XOJ€ B3AUMOICHCTBUS MOIUDHITH-
POBaHHOI KaHU(OIHM C MPOJYKTOM PEaKLMHU MOJIHO0JIa, MAJEHHOBOIO aHTUApUIA U alu(aTHIecKux
kucnot [50].

DIOKCUIAHBIE CMOJIBI U3 KaHU(OIIN MOTyHYaIOT MyTEM B3aUMOJCUCTBHS KAPOOKCUIBHBIX I'PYIII
C SIMUXJIOPTUAPUHOM B IMPUCYTCTBHH Kataiusaropa [51]. ManeonmumapoBast KHcIoTa (aAIyKT KaHH-
(oM ¢ MaJeUHOBBIM aHTHUJPUJIOM) UCIIOJIb3YETCS KaK OTBEPAUTEINb JIJISl SIOKCHIHBIX CMOJ, a TaK-
JKE JJIS TTOTYYCHH S STMTOKCHIHBIX CMOJI C XOPOIIUMH TUAIEKTPUYCCKUMHU U (DU3UKO-MEXaHUICCKUMU
cBoiicTBamu. CBOMCTBA OTBEpAUTEIICH HA OCHOBE KaHU(OJIU OJU3KHU K CBOMCTBAM HE(PTIHBIX aHAJIO-

I'OoB [52] HpI/I OTOM IMOJYYCHHBIC SIIOKCUAHBIC KOMIIO3UTBI IEMOHCTPUPOBAIA Ooitee BBICOKYIO TEM-
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neparypy crekioBanus. Criocod ux CMHTE3a OTIMYAETCsl POCTOTOM, MATKMUMH YCJIOBUSIMU U OoJiee
9KOJIOTMYEH N0 CPAaBHEHUIO C MHOTOCTAMIHBIM CHHTE30M HE(DTSHBIX aHAJIOT OB, TPEOYIONIUM BBICO-
KOT'0 JIaBJICHUSI, CEJIEKTUBHBIX KaTaJIN3aTOPOB M TOKCUYHBIX peareHToB. HeHachlieHHbIe NOMHA(QUPHI
Ha OCHOBE aJ1yKTOB KaHH(OJIHU € aKPUIIOBOW MIJIM MAJICHHOBOM KMCIOTaMH TPUMEHSIIOTCS JUISI IOy~
YeHHUs 3alIMTHBIX MOKpbITHH [53]. MonuduuupoBanHas kaHudoiib, MOJTyUeHHAs B3aUMOACHCTBHEM
C TUATHIICHTPHAMUHOM MJIM I'eKCAMETHIICHANaMHUHOM, UCTIONIB3YETCsl B KauecTBE Moaupukaropa mis
yIIy4IIeHHs] CBOMCTB MOJIMMEPHBIX MaTepralioB [4]. Ha ocHoBe kanndou ObLT co3/1aH 3P PEeKTUBHBIN
U 9KOJIOTMYHBINA MOJIMMED JJIs1 KOHUEHTPUPOBAHUS M OUYMCTKU JEHUUXHHA [54].

KanngosbHbIe IPOU3BOHBIE TAK)KE IPUMEHSIOTCS B KAUE€CTBE KOMIIOHEHTOB JJIsI TOJTMMEPHBIX
cMmeceil. Harmpumep, ManenHu3MpoBaHHass KaHU(OIIb MTO3BOJISIET COBMEIIATH MOJIMUIIPOIIMIIEH C HATY-
paJIbHBIMH BOJIOKHAMHU B KOMIIO3MIIMOHHBIX MaTepuasax. KaHugosbHbIe MOIUypeTaHbl NOIYYaroT
MyTeM B3aMMOJICHCTBUS T'MAPOKCHIMPOBAHHBIX MPOM3BOAHBIX KaHU(OIM ¢ AMM30IHMaHaTaMu [45].
Takue MaTepHalibl COUETAIOT B c€0€ KECTKOCTh THAPOPEHAHTPEHOBOrO siApa KaHU(OIH C 3IacTHY-
HOCTBIO TTOJINYPETAHOBBIX IETEH, YTO MO3BOJISIET CO3aBaTh MOKPHITHS C BHICOKUMHU MEXaHUYECKH-
MU U IKCILTyaTallMOHHBIMU XapakTepucTukamu. Kannoiap TakKe HCHOIb3yeTCsl B MPOU3BOJCTBE
(enono-popmManbIETHAHBIX CMOJI, TA€ OHA BBIIOIHSET POJIb MOAU(PHUKATOPA, YIYUIIAOMIEro ajare-
3UI0 U TEPMOCTONKOCTS [44, 55].

Comnonumeps! KaHU(DOIH C TTOJUAKPHUIAMHIOM MOTYT OBITH HCIIOJIB30BaHbl B Ka4ecTBE COpOEH-

TOB U (prokyissiHTOB [S6—58].

HOG‘EPXHOCH’!HO-aKmMGHbl@ seujecmea U dIMynibeamopbol

Kanngomns 1 ee mpon3BoHEIE IINPOKO HCIIOIb3YIOTCSA B KaUeCTBE IIOBEPXHOCTHO-aKTHBHBIX Be-
IIECTB M AMYJIbraTopoB. B marente [59] onucan crioco6 nonyueHust MoaudunpoBaHHoil kanup oy,
HCHOJIb3yEMOH B KaUECTBE IMYJIbraTopa SMYJIbCUOHHON MONMMEPU3alluy IIPU IPOU3BOACTBE CHHTE-
THYECKHUX Kay4dyKoB. KaHugonbHble Mblia (pe3nHAThl HATPUS U KaJIUs) TPAJUIIHOHHO TPUMEHSIOTCS
B Ka4eCTBE AMYJIBIaTOPOB B IIPOLECCE MMOJUMEPU3ALNH CTUPOI-0y TaAUEHOBBIX M XJIOPOIPEHOBBIX Ka-
yuykoB [60]. B nmocieanue roasl akTHBHO paspadatbiBatorest kanudoibHbie [IAB ¢ perynupyembimu
coiictBamu. Hanpumep, cunresuposanbsl CO,/N,-uyBcTBUTENbHBIE [IAB Ha 0cHOBE Maseonnmapo-
BOI KUCIIOTBI, KOTOPBIE MOT'YT IIEPEKIIFOYAThCSl MEXK/1y KATHOHHON U HEMOHHOH (hopmamu ripu 6ap0o-
tupoBanuu CO, nin N, [39]. Takue ITAB n1eMOHCTpHPYIOT JIyUITy O SMYJIBIUPYIOIIYIO CIOCOOHOCTH
[0 CPABHEHUIO C JTMHHOLICIIOUYEYHBIMH )KUPHBIMU KHCIOTaMH 0Jarofapsi HUKINYECKOH CTPYKTYpe
kaanonu. Kanndonpusie amuHokcugasie [TAB cnocoOHBI 00pa30BbIBaTh CTAOMIIBHBIE T'elH, YTO
OTKPBIBAET NEPCIEKTUBBI UX NPUMEHEHUS B MUIIEBOW, (papMaleBTHUECKOH U KOCMETHYECKOW Tpo-

MbIILIEHHOCTH [39].

buomeouyunckue, papmayesmuyeckue u Opy2ue npumMeHenus

Kanngoib 131aBHa IPUMEHSIIACh B KaUueCTBE TepaneBTHYecKoro cpeactsa B JIpesnem Erurnre,
Kurae, crpanax Cesepnoil EBponsl u Typuuu [61]. B nociennue necsatuneTust BO3pacTaeT HHTEPEC
K MCIIONIb30BaHUIO KaHH(oIM B OnomenuuuHe u ¢apmaneBTuke. biaromaps mieHkooOpasyomum
cBoiicTBaM, ruipodoOHOI pupose, GHOCOBMECTHMOCTH U CIIOCOOHOCTH K XMMHYECKOH MOIu(pHKa-
MU, KaHU(OJIb U ee MPOU3BOHBIC UCIIOJIB3YIOTCS B CUCTEMAX KOHTPOJIUPYEMOIO BHICBOOOKICHHU S

u az[peCHoﬁ JAOCTAaBKH JICKAPCTBECHHBIX CPEACTB. KaHI/I(i)OJ'IB MNPUMCHSACTCA B Ka4C€CTBC MUKPOUHKAII-
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CYJIMPYIOILIEro MaTepralia U IIeHKO0Opa3yolero areHTa npy npou3BoJCTBE Ta0JIeTHPOBAHHBIX Jie-
KapcTBEHHBIX (hopM [3, 62].

Kanugosb nposBiiseT 6MOCOBMECTUMOCTb, CPABHUMYIO € NOJIHIAKTUA-KO-TuKoauaoM (PLGA),
1 criocoOHa K OmopasnoxkeHuio in vivo 3a 60—-90 mueit [63]. CiocoOHOCTh KaHN(OIN K OHOAECTPYK-
IIUU TO3BOJIAET MCIOIB30BaTh €€ MPH HM3TOTOBJICHUHM HUMIIJIAHTOB, HE TPEOYIOMINX MOCIEAYIOMIETr0o
XUPYPruyeckoro ynajueHus [3].

B nocniennue rozapl kaun(oJb aKTUBHO PUMEHSIETCS JIJIsl MOJU(PHUKAIIMK CUIIMKOHOBBIX 3J1aCTO-
MEpOB, IIMPOKO UCIIOIB3YEMBIX B MEIUIIMHCKIX UMIUIAHTAX, KaTeTepax u rnporesax [64]. Beenenne
ruipoeHaHTPEHOBOrO CKelleTa KaHU(OJIM B CTPYKTYPY CHIIOKCAHOBBIX CETOK Yepe3 CIIMBAIOIINE
areHTHI WJIN TIPUBUTHIE OOKOBBIE €N 3HAUYNTEIIBHO YIIYUIIAeT NX MEXaHMYECKHE CBOWCTBA U TEPMO-
CTOUKOCTB [65]. OCcoOBIN MHTEPEC MPEACTABIISIIOT aHTHOAKTEpUAIbHBIC MOKPBITHA. TakK, MOKPHITHS
Ha OCHOBE aMMOHHEBBIX COJICH MaJIeONMMMapOBO KUCIOTH 3PPEKTHBHO YHHUTOXKAIOT I'PAMIIOIOKH-
TEJIbHBIE U TPAMOTPHIIATEIbHbIC OAKTEPHH, a TAK)KE MPENOTBPAIIAIOT aJIre31I0 OSJIKOB M TPOMOOLIU-
TOB, YTO CHIKAET PUCK 00pa3oBaHUs TPOMOOB [66, 67].

[MokpbiTHsI HA OCHOBE KaHU(OJIH U ee IPUPOB MOTYT UCIIOJIb30BATHCS ISl JICYSHU ST CTOMATOJIO-
TUYECKUX 3a00JIeBaHUH U JJIST N3TOTOBIICHUS TIEPOPAIBHBIX CUCTEM C KOHTPOIMPYEMBIM BBICBOOOXK-
JieHueM JiekapcTB [68].

HeounmieHHbIH METaHOIBHBIN SKCTPAKT KAaHU(OIH W YETBEPTUYHAS AMMOHUIHAS COJIb KaHU-
($OJIBHOM KHCJIOTHI MPOSIBISIIOT aHTHKaHLEPOreHHble cBoiicTBa [69, 70]. PaznuuHble XMMHUYECKHUE
KOMITOHEHTHI KaHU(]oJIN, B 4aCTHOCTH aOMEeTHHOBAS U N30ITMMapOBasi KUCIIOTHI, AEMOHCTPUPYIOT aH-
THOaKTEepHAIbHBIC, TPOTHBOBOCIIAIUTEIbHBIC, TPOTUBOOITYXOJICBbIC U JIp. IICHHBIC cBOicTBa [71-73].

[Monumepu3zoBaHHast KAHU(OIb UCIIOIB3YETCS B IIPOU3BOJICTBE JOPOKHBIX KPACOK, JINHOJIEyMa
U UCKYCCTBeHHOU koxu [7, 74, 75]. Kanudoinb Takke BXOAUT B COCTAB aHTUBUOPALIMOHHBIX CMa30K
IUIsL aTMa3Horo OypeHwus [76]. B mumieBoil mpoMBINIUIEHHOCTH KaHU(OIh MPUMECHSICTCS B KaueCTBE
TJIa3UPYIONIETO areHTa, yCHIHTeNst UTpycoBoro Bkyca (E915) u amynberaropa nis HanutkoB (E445).
MonndunupoBanHas KaHH(OIb MOXKET MPUMEHSATHCS B KAY€CTBE JIMIKOTO COCTaBa JJIsl YHUUTOXeE-
HUsl HacekoMbIX [77]. Kanudosb Takxke paccMaTpruBaeTcsl B KAUeCTBE aJIbTEPHATHBHOIO ChIPbs IS
MTONTyYeHHsI OMOTOIIIINBA C MCIIOJIb30BAHHUEM ITPOIIECCOB KaTaIuTHUeCKOro KpekuHnra [78—80]. B kage-
CTBE KaTaJIN3aTOPOB IPUMCHSIOT aKTHBUPOBAHHY 10 TITHHY, (hochopHOBOIBGpaMOBY0, HOCHOPHOMO-

J'II/I6I[6HOByIO, erMHCBOJ’IB(l)paMOBBIG KHCJIOTHI U ICOJIUTHI.

3akJ/oueHue

Kanundoss siBisieTcs: yHUKaJIbHBIM IIPUPOIHBIM BO30OHOBIISIEMBIM PECYPCOM, KOTOPBIi coueTaeT
B cebe JOCTYIMHOCTb, HU3KYI0 CTOMMOCTb M ITMPOKHI MOTEHIINAT XUMHUYECKON MOIU(pHUKAIINH. JKC-
TpaKIMOHHAs KaHU(]OIIb, TIOJTydaeMasi U3 OTXOJIOB JIECO3ar0TOBOK, JKOHOMHUYECKH BBIT'O/IHA, OJIHAKO
YCTyMaeT KUBUYHOU 110 LBETY, KHCIOTHOMY YHCITY M TeMIIepaType pa3MsrdeHHs, 4To TpeOyeT npHu-
MeHeHHs YQPEKTUBHBIX METO/IOB €€ OUUCTKH.

K HacrosnieMy BpeMEHHU pa3pa0bOTaHbl pa3IMYHbIC TEXHOJOTHH MONYYCHHs dKCTPAKIHOHHON
KaHU(OIH, BKIIOYAs KIACCHYECKYI0 JKCTPAKLHUIO OPraHMYEeCKUMHU PACTBOPUTEISIMH, INEIOYaMH
1 0oJiee IKOJIOTHYHYIO CBEPXKPUTHYECKYI0 SKCTpakiuio CO,. Jlis moBplmeHus KadecTBa KaHU]O-
11 pa3paboTaHbl METO/BI €€ papUHUPOBAHUS: CEICKTUBHAs dKCTpakius Gpypdyposom, ancopOrus

Ha OTOENBHBIX INIMHAX U CHJIMKareJji€, a TakKEe MCTOAbI XUMHYCCKON MOI[I/I(l)I/IKaLII/II/I — KaTaJIUTU4YCCKOC
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TUAPUPOBAHME U JUCIIPOIIOPIUOHUPOBAHHE, KOTOPBIE HE TOJILKO OCBETIISIOT KaHU(OJIb, HO U yJIyu-
MIAIOT €€ CTAOMIBHOCTD U SKCILTyaTallHOHHBIC CBOHCTBA.

Kanngosab HaXOIUT HIMPOKOE NMPUMEHEHHE B Pa3IUYHbIX O0JIACTSIX, BKJIOUYAs TPaIUIIHOHHbIC
OTPACITU IPOMBIIIJICHHOCTH ¥ HOBBIC BEICOKOTEXHOJIOTHYHBIE 001acTi. OcoObIil HHTEpeC MPencTaB-
JISI€T WCIIOJIb30BaHUE KaHU(OIN U €€ MPOU3BOJHBIX JIJISl IIPOU3BOJICTBA MOJUMEPHBIX KOMIIO3UTOB,
IJIe OHa BBICTYIACT B KAUECTBE CIIMBAIOIICTO areHTa, MOAU(UKATOpa WIW MOHOMEpa (OydYCHHE
TEPMOPEAKTUBHBIX CMOJI, TIOJINYPETAHOB U IIOKCHJIOB). BbicOKHE GHOCOBMECTUMOCTH M OHopasiara-
eMOCTb KaHU(DOIIX U €€ MIPOU3BOAHBIX ITO3BOJSIOT CO3/1aBaTh CUCTEMBI KOHTPOIHPYEMOTO BEICBOOOXK-
JICHUS JIEKAPCTBEHHBIX BELIECTB U aHTUOAKTEPHAJIbHBIE MOKPBITHS ISl MEIUIIUHCKIX UMILIAHTOB.
KommnoneHTH! kKaHH(]OIH, B 9ACTHOCTH a0METHHOBASsI W U30ITMMApOBasi KUCIOTHI, MPOSBIISIOT aHTH-
OGakTepHasibHbIe, aHTUMUKPOOHBIE, TPOTHBOBOCTIANIMTENbHBIE U POTUBOOITYXOJIEBBIC CBOHCTBA, YTO
OTKPBIBACT MEPCIICKTUBHI HX TPUMCHEHUS B KAYECTBE aKTHUBHBIX (PapMaIleBTHICCKIX KOMIIOHCHTOB.

Takum 00pa3oMm, SKCTpaKIMOHHAS KaHU(OJIb MPEICTABISIET COO00H BaKHOE MHOTO(YHKIIHO-
HAaJIFHOE CBIPBE, CIOCOOHOE CITYKUTHh OCHOBOMW IS IIPOM3BOJCTBA IIUPOKOT0 aCCOPTUMEHTA [IEHHBIX
npoaykToB. JlanbHeiiliee pa3BUTHE TEXHOJIOT U MOy YCHUsI, OUUCTKH U XUMHUCCKOW MOTU(PUKAIIAN
KaHU(OIU OyIeT CIocOOCTBOBATh YCTOHYMBOMY Pa3BHTHIO XIMUYECKOM ITPOMBINIJICHHOCTH Ha OCHO-

B€ BO30OHOBIISIEMOTO PACTUTEIBHOI'O ChIPbA.
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Abstract. This paper presents the results of producing water-soluble fullerenes (fullerenols) by various
methods: the boiling method in nitric acid (hydroxylation), hydration, and hydration in the presence of
ozone. The results of studies using X-ray photoelectron and IR spectroscopy are presented. It is shown
that different methods lead to the formation of fullerenols with different numbers of hydroxyl groups
(OH groups). Specifically, hydroxylation yielded a fullerenol with the composition C¢,Ox(OH),, where
x+y = 16—18; hydration yielded a fullerenol with x+y = 20-22; and hydration combined with ozonation
yielded a fullerenol with x+y = 14—16. The time required to obtain the same amount of water-soluble
fullerenes by the hydroxylation method was 12 hours, the hydration procedure took 24 hours, and
hydration with ozonation required 8 hours. Thus, the method of producing fullerenol by hydration
combined with ozonation is effective because it allows attaching a sufficient number of OH groups in

less time compared to the hydroxylation and hydration procedures.

Keywords: fullerene, fullerenol, hydroxylation, hydration, ozonation, water-soluble derivatives of

fullerene, fullerene derivatives, hydroxyl group, polyhydroxylated fullerenol.
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BonopactBopumbie QysiiepeHbl, CHHTE3UPOBAHHbIE

Pa3/iIMYHBIMUA METOAAMHU

H.T. Buykosa® °, B.T. Hcakosa®, I. H. Yypuiaos® 0%,

E.B. Tomamesuu®®, B. . Enecuna® %, I'. A. [iiymenko?
“Uncmumym gusuxu um. JI. B. Kupencxoeo CO PAH

DedepanvHoe cocydapcmeeHHoe DI00cemHoe HayUHoe YupedcoeHue
«Dedepanvhbiil UCCIE008AMENbCKUL YEHMP

«Kpacnoapckuu nayunvii yenmp CO PAH»

Poccuiickaa ®edepayus, Kpacnospck

*Cubupckuii pedepanvhbiii ynusepcumem

Poccuiickaa ®edepayus, Kpacnospck

*Uncmumym xumuu u xumuvecxou mexunonrocuu CO PAH
DedepanbHoe 20Cy0apcmeeHHOe OI00HCEMHOe HAYUHOE YUpedcOeHUe
«Dedepanvbhblll UCCIe008aMENbCKUL YEHMD

«Kpacnosapckuii nayunoii yenmp CO PAH»

Poccuiickas @edepayus, Kpacnosapck

AHHoTauus. B nanHol paboTe npencTaBiieHbl pe3ysIbTaThl MOy YeHN s BOJOPACTBOPUMBIX (yIIIIEPEHOB
(bynnepeHosI0B) pa3IMYHBIMU METOJIAMH: KUIISTYUCHHEM B a30THOW KHUCIIOTE (TUAPOKCUIMPOBAHHUEM),
TUAPATUPOBAHUEM U THIPATHPOBAHUEM B IPUCYTCTBUU 030HA. [IpHBEAEHBI pe3yabTaThl UCCIEI0OBAHUI,
BBITOJIHEHHBIX METOJIAMH PEHTIEeHOBCKON (oTodekTporHoi u MK-cnekrpockonuu. [TokazaHo, 4To
HCIIOIb30BAHUE PA3JIMYHBIX METOIOB IIPHBOAUT K 00pa30BaHUIO (DYIUICPEHOJIOB C PA3ITMYHBIM YHCIOM
ruapokcuibHbIX Tpynn (OH-rpymnm). B wactHocTH, B pe3ynbrare I'uIpOKCHINPOBAHUS ObLI IOy YeH
¢ynnepenon cocraa CqOx(OH)y, rae x+y = 16-18; ruapaTnpoBaHue MO3BOJINIO HOTYUUTh QyIIIePEHO
¢ x+ty =20-22, a ruaparupoBaHue B COYETAaHHU C 030HUPOBAHUEM — (yIuIepeHol ¢ X+y = 14-16. Bpewms,
3aTpavyeHHOE Ha I0JyYeHUE OINHAKOBOTO KOJIMYECTBA BOJOPACTBOPHMBIX (DYJIIEpEeHOB, COCTaBMIIO 12 4
JUTSI TUAPOKCUIINPOBAHNUS, 24 4 — A7 TUPATUPOBAHMS U § U IS THAPATUPOBAHUS C O30HUPOBAHUEM.

Takum 06pa30M, MCTO NOJYUYCHUA q)ynnepeﬂona IMyTEM r'uApaTupoOBaHnd B COUCTAHUU C O30HUPOBAHHUCM
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ABJISACTCA 3(1)(1)6KTI/IBHI)IM, IMMOCKOJIBKY MO3BOJIACT NPUCOCAUHUTDH JOCTATOYHOC KOJIUYCCTBO OH-prHH

34 MCHbIIIEC BPEMI 1O CPABHCHUIO C TUAPOKCUIIMPOBAHUEM U THAPATHUPOBAHUCM.

KuroueBble cioBa: dyiiepeH, GyiiepeHosn, THIpoKCHINPOBaHHE, THIPaTHPOBAHUE, 030HUPOBAHIE,
BOJIOPACTBOPHUMbIE ITPOU3BOIHBIE QyJLIepeHa, MPOU3BOHbIC (yIlIepeHa, I'HAPOKCHIIbHASI TPYIINA,

TTOJUTUIPOKCHIINPOBAHHBIN (yJIIIepeHOII.

®unaHcupoBaHue. VcciienoBanne NpOBOAMIOCH B pAMKax rocy1apcTBEHHOI0 3aaHus HCTUTyTa
¢usuku um. Kupenckoro ®I'BY “DenepanbHblii necnenoBarenbekuil HeHTp “KpacHosipckuii Hay qHbIH
uentp CO PAH.

BaaropapHocTu. Ota pabora Oblila TpOBEIeHA IPHU MOAAEP)KKe U Ha oOopynoBanuu LienTpa obmero
nosb3oBanus Kpacuosipckoro HayuHoro nentpa Cubupckoro otaenenus Poccuiickoii akajgeMun HayK.
ABTOpBI X0TeNH ObI BBIpa3uTh ocoOyto duarogaprocts H. I1. [llecTakoBy 3a npoBeneHue HCCIEI0BaHN I
c ucnonb3oBanneM MK-cnekrpockonuu (MK-cnekrpomerp VERTEX 70, Bruker, Kapicpy»a, I'epmanust)

1 MHTEPIIPETAINIO PE3YIHTATOB.

Hutuposanue: Buykosa H. I, Mcakosa B.T., Uypunos I. H., Tomamesuu E. B., Enecuna B.U., I'nymenko I. A. BonopactBopumbie
(hynnepeHsl, CHHTE3MPOBAaHHBIC pa3InyHbIMU MeToaMu. XKypH. Cub. dpexnep. yu-ta. Xumus, 2026, 19(3). C. 558-569. EDN:
MXFDBI

1. Introduction

One of the most promising areas for the use of polyhydroxylated fullerenes (fullerenols) and their
derivatives is biology and medicine [1-6]. This is due to the unique physicochemical properties of fullerenes
[7—11]. Their high reactivity is due to the presence of double bonds capable of attaching various radicals,
which is why fullerenes exhibit high antioxidant activity, the ability to penetrate the lipid bilayer, and
modulate transmembrane ion transport [12—15]. Fullerenes, possessing high biocompatibility and a broad
spectrum of biological activity, may find application in the creation of medical and pharmacological
preparations: radioprotectors, antioxidants, antitumor, antifungal, antiviral, and bactericidal agents, as
well as agents for targeted drug delivery [5].

The creation of biologically active fullerene derivatives suitable for use in biology and medicine
is associated with imparting hydrophilic properties to the fullerene molecule [1]. Fullerene is highly
hydrophobic, making it practically insoluble in an aqueous environment; therefore, its modification is
required for medical applications [1, 16]. The attachment of OH groups makes it possible to obtain a
modified fullerene with sufficient water solubility [9, 17].

One method for synthesizing hydrophilic fullerene derivatives is the introduction of hydroxyl
groups to form fullerenols or fullerols containing up to 26 OH groups, as well as oxygen bridges
similar to those observed in oxides. Such compounds are readily soluble in water and can be used
for the synthesis of new fullerene derivatives [1]. A review of synthesis methods is presented in [12,
17-26]. Typically, fullerenol with fewer than 12 hydroxyl groups per fullerene cage shows very poor
water solubility [27], whereas fullerenols with a larger number of hydroxyl groups (20-24) show good

water solubility [28—32]. However, the procedure of attaching OH groups to the fullerene molecule can
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alter its properties [1, 30, 33-35]. Therefore, the exposure time of fullerene during modification should
be minimal but sufficient to obtain a fullerene that is readily soluble in water.

To date, the most popular method for producing fullerenols is hydroxylation, which requires
prolonged boiling in nitric acid [36, 37]. The hydration process requires long-term treatment [38, 39].
The ozonation process takes less time but causes peroxide formation and can lead to the formation of
free radicals [40, 41].

Methods for synthesizing fullerenols, such as hydroxylation of a toluene solution of fullerene with
crystalline sodium or potassium hydroxide and hydrolysis of fullerene bromide, have no prospect for
industrial use due to low efficiency, complexity, high cost, and lack of technological feasibility [42].

A review of the literature shows that the application of many known methods is ineffective,
involves the use of toxic solvents, and leads to contamination of the final product.

In this work, we obtained fullerenol by three methods: hydroxylation, hydration, and hydration
combined with ozonation, compared the time spent and the number of OH groups obtained, and
demonstrated the advantage of a method that allows obtaining a high-quality product without
environmental pollution. For the characterization of fullerenols, we used mass spectral analysis, IR
spectroscopy, X-ray photoelectron spectroscopy (XPS), high-performance liquid chromatography
(HPLC), and differential thermal analysis (DTA).

2. Materials and Methods, Equipment

The synthesis of carbon soot containing fullerenes was carried out in an alternating current arc
discharge of kilohertz frequency range (66 kHz) using a setup described by us earlier [43]. Carbon
soot was obtained by sputtering rods for emission spectral analysis (TS 3497-001-51046676-2008).
The rods were annealed in vacuum at 1800 °C and fixed in water-cooled holders located in a sealed
chamber, also cooled by water. The synthesis was carried out at a helium pressure of 98 kPa [44]. The
rods were fed continuously during their burnout so that the arc current remained constant. The helium
flow rate was maintained within 4 L/min, and the pressure was maintained at 2-3 % of the set value.

Extraction of the fullerene extract from carbon soot was performed by Soxhlet extraction
using benzene. Subsequently, individual fullerene Cqy was isolated by liquid chromatography using
turbostratic graphite with an interlayer distance of 3.42 A (as the stationary phase) and a toluene/
hexane mixture (as the mobile phase).

Chromatographic studies were performed on an Agilent Technologies 1200 Series chromatograph
with a Cosmosil Buckyprep column (10 mm x 250 mm). Toluene was used as the eluent at a flow rate
of 5 mL/min, and detection was carried out at a wavelength of 323 nm.

The synthesis of the polyhydroxylated fullerene sample was carried out by boiling in nitric acid
followed by hydrolysis of the polynitrointermediates with water (Sample 1) [36].

Hydration was performed by dissolving a powdered mixture of fullerenes (2 mg) in benzene,
followed by transferring this solution into the aqueous phase (deionized water) by ultrasonic treatment
(power 230 W, operating frequency 35 kHz) at ambient temperature and removing the organic solvent
[21, 38] (Sample 2).

Hydration of the fullerene extract combined with ozonation was performed identically to the
hydration process described above, with continuous O; bubbling (Sample 3). O; gas was generated

by ozone generator from pure oxygen. The gas flow rate was 2 L/min, and the O; concentration in
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the O, stream was 5 %. Ozonation was performed for 5 minutes every half-hour during the hydration
process.

To detect the presence and estimate the number of attached hydroxyl groups, IR spectroscopy [45,
46] was used in a KBr matrix using a VERTEX 70 FT-IR spectrometer (Bruker, Karlsruhe, Germany).

The number of OH groups was estimated by X-ray photoelectron spectroscopy (XPS) using a
UNI-SPECS spectrometer (SPECS Gmbh) with a PHOIBOS-150-MCD-9 hemispherical analyzer and
an FOCUS-500 X-ray monochromator (AlKa radiation, hv = 1486.74 V).

The assessment of water in the samples was performed by thermogravimetric analysis
(synchronous thermal analysis device NETZSCH STA 449C combined with a quadrupole mass
spectrometer QMS 403C).

3. Results and Discussion

Subsequently, individual fullerene Cgy was isolated by liquid chromatography using turbostratic
graphite with an interlayer distance of 3.42 A (as the stationary phase) and a toluene/hexane mixture
(as the mobile phase). The chromatogram of the first fraction obtained by liquid chromatography on
turbostratic graphite is shown in Fig. 1. It was found that the sample contains 98.7 % Cgp and 1.3 %
Cro.

Fullerenols obtained by different methods have similar IR spectra, which show intense bands of
hydroxyl groups at 3430 cm™, C-O stretching vibrations at 1070 cm™, and C=C around 1600 cm™ [47,
48]. The presence of OH groups was confirmed by IR spectroscopy (Fig. 2). The spectral patterns are
similar to each other, but the relative intensity of the peaks is somewhat different, indicating a difference
in the number of attached groups. According to sources [39,49], stretching vibration bands of C=C were
identified, apparently with different chemical microenvironments (at ~1570—-1630 cm™). The broad
band with a maximum at 3427 cm™ and around 1390 cm™ corresponds to vO-H and 8C-O-H vibrations
(the latter also appear at slightly different frequencies due to different chemical microenvironments of
carbon atoms). Carbon-oxygen fragments are characterized by bands at 1709 cm™ (vC=0) and 1090
cm! (vC-0), reflecting the presence of carbonyl (ketone) and alcohol groups. C—O bond stretching
is inevitable in all fullerenols, which possibly indicates the formation of hemiketal groups prior to

hydroxylation of the fullerene framework [50].

Intensity, a.u.

o 15 20 25 30
Time, min

Fig. 1. Chromatogram of the obtained fraction
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Fig. 2. IR spectrum samples: a — Sample 1, b — Sample 2, ¢ — Sample 3

The XPS method was used to estimate the number of functional groups. In the photoelectron
spectrum of the sample, Gaussian/Lorentzian decomposition of the C 1s line (Fig. 3a) revealed binding
energies of 284.8, 285.2, 286.2 and 288,6 eV, which are assigned to fullerene (C—C(sp?)), C—C(sp?),
C-OH, and C=0, respectively [46]. Thus, during hydroxylation, both oxygen (C=0) and hydroxyl
groups (C-OH) attach to the fullerene molecular framework. For Sample 2, the decomposition of the
C Is line is shown (Fig. 3b). Binding energies were recorded: Eb=284.8 eV — fullerene (C—C(sp?)),
Eb=286.2 eV (C-0), Eb=288,6 ¢V (C=0) [51].

The results of the XPS study of Sample 3, using Gaussian/Lorentzian decomposition of the C 1s
line (Fig. 3c), allow the identification of the following components corresponding to: Eb=284.8 eV —
fullerene ((C—C(sp?)), Eb=286.2 eV (C-OH), and Eb=288,6 eV (C=0).

The peak areas obtained from the deconvolution of the XPS spectra are given in Table 1.

The number of OH groups, calculated based on the proportion of carbon atoms chemically bonded
to oxygen, was 28.7 rel.% for Sample 1, 37 rel.% for Sample 2, and 26.9 rel.% for Sample 3. It is known
that the number of OH groups attached to fullerene must be even [52]. Consequently, the average
composition of the fullerene corresponds to COx(OH),, where x+y = 1618 for Sample 1, 20-22 for
Sample 2, and 14-16 for Sample 3. The time spent on obtaining the same amount of water-soluble
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Fig. 3. XPSsamples: a — Sample 1, b — Sample 2, ¢ — Sample 3

Table 1. Results of peaks areas calculation after deconvolution of XPS spectra (Cls line)

Peak areas, %
Peak, eV
Sample 1 Sample 2 Sample 3
284.8 (fullerene) 51.1 63 73.1
285.1 (C-C, sp*) 20.2
286.2 (C-0) 17.2 25.3 222
289 (C=0) 11.5 11.7 4.7

fullerenes by acid treatment was 12 hours, the hydration procedure took 24 hours, and hydration with

ozonation required 8 hours.

Differential thermal analysis showed that water removal in the sample occurs at temperatures up
to 150 °C, destruction of hydroxyl groups occurs at 150—-570 °C, and structural degradation of fullerene
occurs at temperatures above 570 °C. The obtained data are confirmed by literature data [39, 53]. It was

found that water is present in Sample 1 in an amount of 2.3 %, in Sample 2 in an amount of 9.3 %, and

in Sample 3 in an amount of 8.6 %.

— 564 —



Journal of Siberian Federal University. Chemistry 2026 19(3): 558—-569

4. Conclusions

Thus, it has been shown that the method of producing fullerenols by hydration combined with
ozonation can be used to convert fullerene into fullerenol, as it allows attaching a sufficient number of
OH groups in less time compared to hydroxylation and hydration procedures. Moreover, the synthesis
of fullerenols by this method is not associated with the use of toxic solvents or contamination of the

final product.
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Abstract. Acetophenone and its functionally substituted derivatives have long been recognized as effective
antioxidants and have found widespread use in the food, chemical, and pharmaceutical industries. These
natural and synthetic compounds inhibit reactive oxygen species and prevent radical chain reactions,
making them valuable in the aforementioned fields. In this study, we synthesized hydroxymethylcycloa
lkylacetophenones via the acylation of methylcycloalkylphenols with acetyl chloride in the presence of
ZnCly/y-Al,O; catalyst. We also investigated their antioxidant activity when added to diesel fuel. The
experimental results demonstrated that the synthesized hydroxymethylcycloalkylacetophenones possess

high antioxidant activity and can be recommended for use as diesel fuel antioxidants.
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AHHOTanMs1. AlieTO)EeHOH U ero (PyHKIIMOHAIBHO 3aMEIIEHHBIC TPOU3BOHbBIC JABHO MPU3HAHBI
3 PeKTUBHBIMU AHTUOKCHUIAHTAMH U HAIUIN MIUPOKOE MIPUMEHEHHE B MHUIIEBOM, X UMHYECKON
1 papMameBTHUYCCKON MPOMBIIIJICHHOCTH. DTHU MPUPOAHBIC H CHHTETUYCCKHUE COCIUHCHU S
MHTUOUPYIOT aKTUBHBIE (POPMBI KUCIOPO/Ia U IIPEJAOTBPAIIAIOT PA3BUTHE PAJTUKATBHO-T[EITHBIX
peakiuii, 4TO AejaeT UX [EHHBIMH JJIsl HCIIOJb30BaHUs B YKa3aHHBIX 00nacTsax. B HacTosmie
paboTe ruAPOKCUMETHIIIUKIOANKIIAETO(EHOHBI ObLITH CHHTE3UPOBAHBI PEAKIIUEH AllUTUPOBAHUS
METHJIIUKII0ATKII()EHOJIOB alleTHIXJIOPUIOM B IPUCYTCTBHH KaTaiau3aropa ZnCl,/y-Al,0s. Takxke
ObLIa KCCIICJIOBAHA UX aHTHOKCHIAHTHASI AKTUBHOCTD IPH BBEJICHHUH B TU3EIBHOE TOILINBO. Pe3ynbrarhl
SKCIICPUMEHTOB MOKA3aJIH, YTO CHHTE3UPOBAHHBIC ' IPOKCUMETHIIIMKIIOATKUAIAICTOPEHOHBI 00Ia1al0T
BBICOKOH aHTHOKCH/IAHTHON AaKTHBHOCTBIO U MOT'YT OBITh PEKOMEH/IOBAHbI B KAYECTBE AHTHOKCUIAHTHBIX

mpUucagoK K 1U3€JIbHOMY TOIIJIUBY.

KaoueBbie ¢JIOBA: aJlKUIIMPOBAHUE, [IUKIOAIKHUI(PEHOIBI, allHJIMPOBAHUE, alleTO(DEHOHBI,

AHTHOKCUaHTHI.

Baaromapuoctu. PaboTa BrimonHeHa nipu noaaepkke Haygrnoro ¢ornma AsepOaiimkaHa — TpaHT
Ne AEF-MGC-2024-2(50)-16/05/2-M-05.

Hutuposanue: Pacynos U.K., Aitro6os U.T., I'eiinapnu I'. 3., Cyneitmanosa I1. B., Canmanosa Y. K., I'acanosa I". k.,
I'ypbanoBa Y. M. HccnenoBanne aHTHOKCHAAHTHBIX CBOMCTB 2-THAPOKCH-5-MEeTHIIMKI0aNKIIaneTodeHoHoB. XKypH. Cuo.
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Introduction

Alkylphenols and their derivatives are widely used as antioxidants, stabilizers, and functional
additives in polymers, rubbers, lubricating oils, and fuels [1-5]. However, the antioxidant efficiency of
conventional alkylphenols is mainly determined by the presence of a single phenolic hydroxyl (OH)

group, which limits their multifunctional performance in complex oxidation systems.
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To improve the physicochemical and antioxidant properties of phenolic compounds, structural
modification of alkylphenols has attracted considerable attention in recent years. One of the most promising
approaches is the introduction of an acyl group into the aromatic ring to obtain hydroxyacetophenone
derivatives. Unlike alkylphenols, hydroxyacetophenones contain both a phenolic hydroxyl (OH) group and
a carbonyl (C=0) group. The presence of these two functional groups enhances the radical-scavenging
ability of the molecules, resulting in significantly improved antioxidant activity [6—11].

Therefore, the acylation of alkylphenols is considered an efficient synthetic strategy for obtaining
multifunctional phenolic compounds with high antioxidant potential [12-20].

Accordingly, the aim of the present work was to synthesize novel 2-hydroxy-5-(1-methylcycloalkyl)
acetophenones by the acylation of 1-methylcycloalkylphenols with acetyl chloride, to characterize
their structures using modern spectroscopic techniques, and to investigate their antioxidant activity in

diesel fuel.

Experimental Part

The following starting materials were used for the studies:

para-(1-Methylcyclopentyl)phenol, previously obtained by the alkylation reaction of phenol with
I-methylcyclopentene in the presence of the KU-23 catalyst or Zeolite Y treated with orthophosphoric
acid according to the method [11, 12], had the following physicochemical parameters: molecular weight
—176, melting point 88°C, boiling point 147-148°C (10 mmHg).

para-(1-Methylcyclohexyl)phenol, previously obtained by the alkylation reaction of phenol with
I-methylcyclohexene in the presence of the catalyst KU-23 or Zeolite Y treated with orthophosphoric
acid according to the method [11, 12], had the following physicochemical parameters: molecular weight
—190, melting point 96°C, boiling point 161-163°C (10 mm Hg).

Acetyl chloride had the following physicochemical properties: molecular weight of 78, melting
point of =112 °C, boiling point of 52 °C, and refractive index of 1.3710.

The structures of the synthesized compounds were confirmed by Fourier transform infrared (FT-
IR) and proton nuclear magnetic resonance (‘H NMR) spectroscopy. FT-IR spectra were recorded on a
Bruker ALPHA FT-IR spectrometer using a Se—Zn crystal in the wavenumber range of 600—4000 cm™.

'H NMR spectra were acquired on a Bruker Fourier NMR spectrometer operating at 300.18
MHz at room temperature using deuterated benzene as the solvent. Chemical shifts were referenced to
tetramethylsilane as the internal standard. The number of protons corresponding to the different structural
fragments was determined by integration of the respective resonance signals in the 'H NMR spectra.

The acylation reaction was conducted as follows. A three-necked round-bottom flask equipped with
amechanical stirrer, a thermometer, and a dropping funnel was charged with para-(1-methylcyclohexyl)
phenol (19.0 g, 0.1 mol) and 20 wt.% ZnCl,/y-Al,O;catalyst (10 g). The reaction mixture was heated to
90 °C, after which acetyl chloride (15.7 g, 0.2 mol) was added dropwise under continuous stirring. The
reaction was allowed to proceed for 20—60 min under the desired temperature. Upon completion, the
catalyst was separated by filtration, and the filtrate was purified by rectification. Excess acetyl chloride
was first removed by distillation at atmospheric pressure, followed by the separation of unreacted para-
(I-methylcyclohexyl)phenol and the target product by vacuum distillation at 10 mmHg.

The acylation reaction of p-(1-methylcycloalkylphenol) with acetyl chloride proceeds according
to the following scheme (Fig. 1):
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Fig. 2. Effect of temperature (a), reaction time (b), and p-(1-MCH)P/acetyl chloride molar ratio (c) on the yield (1)
and selectivity (2) of 2-hydroxy-5-(1-methylcyclohexyl)acetophenone

Results and Duscussions

The influence of reaction temperature, reaction time, and the molar ratio of the reactants on the
yield and selectivity of 2-hydroxy-5-(1-methylcyclohexyl)acetophenone is presented in Fig. 2.

As shown in Fig. 1 (a), increasing the reaction temperature from 120 to 140 °C enhanced the
yield of the target product from 49.3 to 77.4 %, while the selectivity slightly decreased from 93.3 to
91.7 %. A further increase in temperature to 150—160 °C resulted in a decline in both yield (66.1 %) and
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selectivity (86.5-76.8 %), which can be attributed to the formation of by-products and positional isomers
at elevated temperatures. Therefore, 140 °C was identified as the optimum reaction temperature.

The effect of reaction time is illustrated in Fig. 3.2.1b. Extending the reaction time from 20 to 45
min increased the product yield from 37.3 to 77.4 %, whereas the selectivity changed only slightly,
from 92.8 to 91.7 %. Increasing the reaction time to 60 min produced only a marginal improvement in
yield (approximately 1.4 %), indicating that prolonged reaction times are not economically justified.
Consequently, 45 min was selected as the optimal reaction time.

The influence of the reactant molar ratio is presented in Fig. Ic. The highest yield (77.4 %) and
selectivity (91.7 %) were obtained at a p-(I-methylcyclohexyl)phenol to acetyl chloride molar ratio of
1:2. Both lower and higher acetyl chloride contents resulted in reduced catalytic performance.

Based on these results, the optimum reaction conditions for the acylation of para-(1-
methylcyclohexyl)phenol over 20 wt.% ZnCl,/y-Al,O; were established as follows: reaction temperature
of 140 °C, reaction time of 45 min, and a p-(1-methylcyclohexyl)phenol/acetyl chloride molar ratio
of 1:2. Under these conditions, the yield of 2-hydroxy-5-(1-methylcyclohexyl)acetophenone reached
77.4 % with a selectivity of 91.7 %.

The interpretation of the characteristic signals of the IR spectrum of 2-hydroxy-5-(1-
methylcyclohexyl)acetophenone is given in Table 1.

Fig. 3 shows '"H NMR spectrum of 2-hydroxy-5-(1-methylcyclohexyl)acetophenone.

Table 2 shows 'H NMR spectral data of 2-hydroxy-5-(1-methylcyclohexyl)acetophenone

The structures of the synthesized compounds were conclusively confirmed by IR and '"H NMR
spectroscopy.

A similar procedure is used to acylate p-(1-methylcyclopentyl)phenol with acetyl chloride.

The antioxidant performance of the synthesized 2-hydroxy-5-methylcycloalkylacetophenones

was evaluated in accordance with GOST 305-2013 using an LSART oxidation apparatus. Diesel fuel

Table 1. IR spectroscopic analysis data for 2-hydroxy-5-(1-methylcyclohexyl)acetophenone

Signals, cm’! Corresponding functional groups
686,1242,1266,1278 Deformation vibrations of the O-H bond of the OH group of phenol
732 Pendulum oscillations of the CH, group
771,852,878 Substituted benzene ring
926,1084 C-H bond in cycle
1036,1084 O-H bond
1242,1266,1278 C-O bond
1336 Deformation vibrations of the C-H bond of the CH; group
1439,1462 Deformation vibrations of the C-H bond of the C(O)CHj; group
1593, 1505 Benzene ring
1613 Vibrations of the C=C bond in aromatic hydrocarbons
1680 C=0 bond
2851,2921 Stretching vibrations of the C-H bond of the CH; group
3040 H-C=C-H bond
3220 Stretching vibrations of the O-H bond of the OH group
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Fig. 3. 1H NMR spectrum of 2-hydroxy-5-(1-methylcyclohexyl)acetophenone

Table 2. '"H NMR spectral data of 2-hydroxy-5-(1-methylcyclohexyl)acetophenone

Structure 'H NMR (CDCls, 6, ppm)

d=1.19 or 1.2 ppm, CH: (c), bonded to the quaternary carbon, singlet.
8 =1.46-1.99 ppm, 5xCH: (d) of the cyclohexyl ring, multiplet.

8 =6.84 ppm, OH (a), singlet.

& =7.51-8.19 ppm, Ar—H (b), aromatic protons.

samples containing 0.004 wt.% of the synthesized additives, together with commercial antioxidants

used for comparison, were subjected to accelerated oxidation at 120 °C for 4 h. After oxidation, the

amount of insoluble deposits formed in the fuel was determined as a measure of antioxidant efficiency.

In addition, the effect of the synthesized additives on the flash point of diesel fuel was evaluated. The

comparative results are summarized in Table 3.

As shown in Table 3, the synthesized 2-hydroxy-5-methylcycloalkylacetophenones exhibited

significantly higher antioxidant performance than the commercial antioxidants. While diesel
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Table 3. Comparison of the antioxidant efficiency and flash point of diesel fuel containing synthesized 2-hydroxy-5-
methylcycloalkylacetophenones and commercial antioxidants.

Additive Flash point (°C) Sediment (mg/100 cm?)
Diesel fuel 573 4.35
DY+ 2,6-Di-tert-butyl-4-methylphenol (Ionol) - 100
(Commercial AO-1) )
OH
Hz H@
Cc —N.
55.2 0.90
Diesel + l-cﬂ
(2-Hydroxy-5-(C s—C |, alkyl)benzylphenylamine)
(Commercial AO-2)
54 0.70
Diesel +
(2-Hydroxy-5-(1-methylcyclohexyl)benzylphenylamine)
(Commercial AO-3)
CH,
Q/_ OH
o 573 0.18
Diesel + Hy(!
2-Hydroxy-5-(1-methylcyclopentyl)acetophenone
CH,
OFQr-
o 58.7 0.00
Diesel + HC
(2-Hydroxy-5-(1-methylcyclohexyl)acetophenone)

fuel without additives produced 4.35 mg/100 cm?® of insoluble deposits after oxidation, the
commercial antioxidants reduced the deposit amount to 0.70-1.00 mg/100 cm?. In contrast, the
synthesized compounds limited deposit formation to 0—0.18 mg/100 c¢cm?, with 2-hydroxy-5-
(1-methylcyclohexyl)acetophenone completely suppressing deposit formation under the test
conditions.

The synthesized additives also maintained the flash point of diesel fuel within the range of
57.3-58.7 °C, which exceeds the minimum value of 55 °C required by the EN 590 specification.
These results indicate that the synthesized antioxidants markedly improve the oxidation stability of
diesel fuel without adversely affecting its ignition safety. Therefore, the synthesized 2-hydroxy-5-
methylcycloalkylacetophenones can be considered promising multifunctional diesel fuel additives,
combining excellent antioxidant efficiency with compliance with the flash-point requirements of the
EN 590 standard.
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Overall, the obtained results demonstrate that the synthesized 2-hydroxy-5-methylcyclo-
alkylacetophenones are promising antioxidant additives for diesel fuel, providing excellent oxidation

stability without compromising its essential safety characteristics.

Conclusion

The synthesized 2-hydroxy-5-methylcycloalkylacetophenones exhibited excellent antioxidant
performance in diesel fuel at a low additive concentration of 0.004 wt.%. Compared with commercial
antioxidants, the synthesized compounds provided significantly greater oxidation resistance, reducing
the amount of insoluble deposits from 4.35 mg/100 cm? in untreated diesel fuel to 0—0.18 mg/100 cm?.
Among the investigated compounds, 2-hydroxy-5-(1-methylcyclohexyl)acetophenone showed the
highest antioxidant efficiency, completely preventing deposit formation under the experimental
conditions.

In addition to improving oxidation stability, the synthesized additives preserved the flash point of
diesel fuel within the range of 57.3-58.7 °C, fully satisfying the requirements of the EN 590 standard.
This indicates that the additives enhance storage and oxidation stability without compromising fuel

safety.
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Abstract. This paper presents the results of the alkylation reaction of phenol with diprene (DP), dipentene
(DPT), and the isoprene cyclodimer fraction (ICF). The alkylation reactions were carried out in a batch
laboratory reactor using the zeolite-containing KN-30 catalyst. To determine the optimal reaction
conditions, the effects of temperature (100—160 °C), reaction time (2—6 h), phenol-to-cyclodimer molar
ratio (2:1-1:2), and catalyst loading (5—15 wt.%) on the yield and selectivity of the target product were
investigated.

The experimental results showed that the maximum yield of p-cycloalkylphenols (68.9—75.7 %) and
high selectivity (85.3-92.5 %) were achieved at temperatures of 135-145 °C, reaction times of 4.5—6 h,
a phenol-to-cyclodimer molar ratio of 1:1, and a catalyst loading of 10—13 wt.%. The structure and
composition of the target products were confirmed by infrared (IR) spectroscopy, 'H and *C NMR
spectroscopy, chromatographic analysis, and other physicochemical methods. The obtained results
demonstrate the high efficiency of the KN-30 zeolite-containing catalyst in phenol alkylation reactions

and indicate its potential for the industrial synthesis of alkylphenols with high selectivity and yield.\

Keywords: phenol, diprene, dipentene, isoprene cyclodimers, KN-30, alkylation, para-cycloalkylphenol.
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B3aumopgeiicTBue (peHoJIa C HMKJIOAUMEPAMHU U30IIPEHA

B IPUCYTCTBUU LeoJuTCcoAep:Kamero karajauzaropa KH-30

VY.P. I'yp6anoBa, U. K. Pacynos,

N.T. Aiiro6os, I. 3. I'eitnapau, Y. K. CanmanoBa,

I. k. I'acanoBa, I. ®. I'ag:xueBa, K. II1. Anuesa Ilamaesa
Hucmumym negpmexumuueckux npoyeccos

um. fO. I Mameoanuesa Munucmepcmea nayxu

u obpasosarnus Azepbatioxcancroti Pecnyonuxu
Asepbatiodcan, baky

AnHoTanus. B paboTe npuBoasTCs pe3ysbTaThl UCCIIEA0BAHUS PEaKLUK aJKHJINPOBaHUs (eHoIa
munperom (JI1), munentenom (AI1T) u dhpakumeit nmukinoqumepos uzonpena (OLI). AnkunupoBanue
OCYIIECTBIISIIM B 1aDOpaTOPHON YCTaHOBKE MEPUOIUYECKOTO JEHCTBHUS C UCIIOJIb30BAHUEM
neonutconep:xkauero karanuzaropa KH-30. C uenbio onpeaesieHus ONTUMAJIbHBIX YCIOBUM peakiiuu
BapbupoBaiuch Temneparypa 100—160 °C, Bpems peakuuu 2—6 4, MOJIbHOE coOTHomeHue 2:1+1:2,
KOJINYECTB Karanuzatopa 5—15 % 175 OleHKH BBIXOJa U CEJIEKTUBHOCTH IIEJIEBOI'0 MPOIYKTA.
OKCIepUMEHTAJIBHBIC PE3yNbTaThl MOKa3aju, 4To Ipu TeMnepatrype 135-145 °C, Bpemenn peaxiun
4,5—6 4, MOJIBHOM COOTHOIIECHUH ()eHOJIa K NUKJIoauMepaM 1:1 1 KoJn4yecTBe UCIOIb30BaHHOTO
katanauzaropa 10—13 % gocTuraercst MAaKCUMaJlbHBIN BBIXOJ n-IHKJI0aIKuIheH0I0B 68,9—75,7 %
1 BBICOKasl CEJIEKTUBHOCTH 85,3-92,5 %. CTpyKTypa ¥ COCTaB IIEJIEBbIX MPOAYKTOB OBIIH ITOATBEPKICHBI
metonamu nudpakpacuoit (MK) u 'H, 3C SIMP cnekTpockonuu, XpoMaTorpaGuvecKoro aHaausa
1 IpyTuX PU3NKO-XMMHUYECKUX HccienoBannid. [lomydenHble pe3yabTaTsl JEeMOHCTPUPYIOT BEICOKYIO
3¢ GEKTUBHOCTH IPUMEHEHHUS IIe0IuTCoAeprKaiiero karaausaropa KH-30 B peakiusax alKuiupoBaHuN
(heHONIA, YTO OTKPHIBAET NMEPCIEKTHUBHI JJIs1 HPOMBIIUICHHOTO CHHTE3a aIKHII(DEHOJIOB C BBICOKOH

CCIICKTUBHOCTBHIO U BBIXOAOM.

KuaroueBble ciioBa: GpeHoI, AUNPEH, TUIIEHTEH, HUKIoAuMepbl nzonpena, KH-30, ankunupoBanue,

napa-nUKJIOAIKII()EHOII.

Huruposanue: I'ypbanosa V. P., Pacynos U. K., Aiito6os 1.T, I'eitnapnu I". 3., Canmanosa Y. K., I'acanosa I'. J[x.,I'amkuesa I. @.,
Anuesa [Tamaepa K. I1I. BzaumoneiicrBue (eHoNa ¢ HUKIOAUMEPAMH H30IIPEHA B IPUCYTCTBUH LIEOIUTCOACPIKAIIETO
karanuzaropa KH-30. XXypn. Cuo. ¢penep. yn-ta. Xumus, 2026, 19(3). C. 579-593. EDN: EQYKYT

BBenenne

ANKUIBEHOIIBI SIBJISTIOTCS UCXOAHBIM CHIPbEM JUJIsi CHHTE3a BHICOKOA((EKTUBHBIX XUMHUUYECKUX
J100aBOK MOJIMMEPHBIX MaTEPHUAJIOB, CHHTETHYECKUX KayuyKOB, IIPUCAOK K MacjiaM 1 TOILIMBaM,
0aKTepULIN/IOB, IECTHIIM/IOB, NHCEKTUIUIOB, FePOUIIM/IOB, a TAK)KE OHU UCIIOJIb3YIOTCS B KAYECTBE
JUTaHA0B I KaTaJlu3aTOPOB OJIMTO- U MOTMMEPU3ALMOHHBIX IPOLIECCOB HOBOro nokoseHus [1-10].

Peakuuu ankunupoBanust peHOIIA C pAa3HBIMH ANKUJIMPYOLIMMH areHTaMH B IPUCY TCTBUH KUC-

JIOTHBIX KaTaJIU3aTOPOB JOCTATOYHO XOPOLIO U3YyYCHBI. Hx MPUMCEHCHHUE COMPAKCHO C pa3JIMYHbIMU
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TEXHUYECKUMU TPYAHOCTSIMHU, 3arpsI3HEHUEM CTOYHBIX BOJ, 00pa30BaHHEM OOOYHBIX TPOAYKTOB
¥ OTXOJIOB, a TaK)Ke OOJIBIITUM pacxoioM Karanm3atopa [11-15]. B mocmeaHue roasl reTeporeHHbIe
KaTaJN3aTOpbl, 0COOCHHO Ha OCHOBE IIEOJINTOB, IIMPOKO HCIOIB3YIOTCSA B PEaKLUIX alKUINPOBAHUS.
IeonuTel 00J1a1a10T BEICOKOH KaTAIUTHYECKOH aKTUBHOCTBIO OJarofapst OOJIbIION IO 1 OBEPX-
HOCTH, pPa3HOOOPa3HI0 KUCIOTHBIX [IEHTPOB U TepMuueckoi cTadbuinbHocTH [16-20]. C apyroii cTopoHsl,
OHH IIHMPOKO PaclpoCTpaHEHbl B IPUPOAE, HEAOPOTH U MPUTOJHBI JJIS TOBTOPHOT'O MCIIOIb30BAHMSL.
Otu cBoiicTBa MO3BOJISIIOT () (EKTHBHO MPUMEHSTH IIEOJIUTHI B IIPOIecCax ajJKUIUPOBAHUS, LIUKIIO-
AIKNUIMPOBAHHNS, H30MEPU3AIUNH U IPYTHUX OPTaHUYECKUX MTPEBPAILCHHH.

B nanHoii cTaThe npecTaBiIeHbl pe3yJIbTaThl HCCIe0BaHuUs peakiiu GeHosa ¢ qunperom (JI1),
nuneaTeroM (A11T) u mukiionumepHoit ¢hpaknueit nzonpena (PLIJII) B yCIIOBHAX CEPUITHOTO MTPOU3-
BOJICTBA C HMCIOJIb30BAHUEM IIEOJUTCOAEPKAIIETO reTeporenHoro karanuzaropa KH-30 (TY 21770—
011-07522276-2008). Karanuzarop KH-30 siBnsieTcst BRBICOKOCEICKTHBHBIM KaTaTH3aTOPOM Ha OCHO-

Be neosnta ZSM-5.

3KcnepnmeHTaanaﬂ JacThb

Hﬂﬂ HOHyI‘IeHI/Iﬂ I’lapa—I_[I/IKJ'I()aJ'IKI/IJ'I(i)eHOHOB OBLIH UCIIOJIb30BaHbI CJICAYIOIINEe NUCXOOHbIC BC-

mecrBa:

®enoJr: TeMneparypa miuasinenus 40—42 °C; remneparypa kunenus 182 °C; nﬁo =1,4503; p2°

1,071 r-cm3; MmosekysipHast macca — 94; uuctora — 98 %.

1-meTnia-3-nzonponenunnukiorexkcen (JII): temneparypa xunenus 160-161 °C; nﬁo
1.4656; p2° = 0.8347 r-cM*; MonekynspHas Macca — 136; uncrora — 98 %.
1-meTnia-4-usonponennanukaorexkcen (AIIT): remneparypa xunenus 174-175 °C; nﬁo =

1.4745; p2° = 0.8476 r-cm3; MonekynspHas Macca — 136; uncrora — 96.8 %

1-meTn1-3(4)-uzonponenmiauukiaorexkcer (PLAMN): remneparypa kunenus 160—-180 °C; nﬁo
1.4735; p2° = 0.8458 r-cM3; MonekynspHas Macca — 136.

Cxema 1ab0paTOpHON YCTAaHOBKH, pabOTaIoNIeH B IEPHOINYSCKOM PEKUME, TPUBEICHA Ha pHC. 1.

V3HauanbHO Jisl TPOBEACHUSI peaklMu ObUIa MOJArOTOBIEHA TPEXropias jgaboparopHasi KOJ-
6a 00BéMOM 250 M1, OCHAMEHHAS MEXaHIMYECKOW MEIIAJIKOW, HarpeBaTeieM, KalelIbHOW BOPOHKON
U tepMoMeTpoM. KoimruecTBO MCXOHBIX BEIIESCTB 3apaHee B3BEIIMBAETCS Ha Ja0OpaTOpHBIX Becax
¥ TOTOBUTCS K BBEJCHHIO B KOJIOY, IPH 3TOM IIEPBOHAYAIEHO 0OaBIseTcs (heHOI. 3aTeM aKTUBUPO-
BaHHbIN KaTanu3aTop KH-30, yacTH4HO M3MEIbYEHHBIN B CTYIIKE, JO0OABISACTCS B KOJIOY, TOCIE Yero
CHCTEeMa HarpeBaeTCs U HaUMHACTCS MEXaHH4YecKoe repememuBanue. Korma remmeparypa qocturaet
40—-45 °C, uepe3 KameabHyI0 BOPOHKY B TPEXTOPIIYIO KOJIOY BBOAMTCS PACCUMTAHHOE KOJUYECTBO
AJKIIAPYIONIETro arenTa. [lociie morHoro 100aBIeHUs aTKAINPYIOIIETO areHTa TeMIIepaTypa MOBbI-
mraercsa 10 100-160 °C, u cmech nepemermnBaeTcs B TedeHue 2—6 4. I1o 3aBepiieHun peakiiuu cMech
oxyaxaaercs 1o 40 °C, mocie 4ero KaTalu3aTop yaalseTcs H3 peaKIIMOHHON CPeIbl METOIOM (PHIIb-
TpalMu Yepe3 CTEKISHHBIA BaTHbII QUIIBTP.

[lonydeHHass peaKIIMOHHAsI CMECh HAIIPABJISACTCS HAa CTAJAHIO PEKTHU(PHUKAIIUU, KOTOpas MPOBO-
JUTCS B JIBA HTama:

1. Ha nepBoM sTane npu arMocepHOM JaBiIeHUH IpoBoauTes auctwuianus 1o 200 °C, npu

KOTOPOIl OTAENAIOTCS HENPOpearnpoBaBILINe LIUKIICH U (peHOJI.
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1 — mrarus;

2 — IBUTATEIb;

3 — HarpeBaTenb;

4 — Tpéxropuas Koyba;

5 — KanenbHasi BOPOHKA;

6 — MexaHUYEeCKast MeIIajaKa;
7 — TEepMOMETP.

%

Puc. 1. Cxema 1abopaTOpHOH ycTaHOBKH, pabOTAaOLIEH B IEPUOAMUECKOM PEKUME

Fig. 1. Schematic diagram of the laboratory batch reactor setup

2. Ha Bropom stamne octarouHasi Gpakius TMCTHIIUPYeTCs oA BakyyMoM (10 MM pT.ct.), pu
9TOM BBIJICTISICTCS ETCBOU MPORYKT — napa-[3(4)-MeTHIIUKIIOT €KCEH-3 -UI-H30POITHI | )CHOITEL.
Taxum o6pa3om, oOecnieunBaeTcs Kak HOBTOPHOE HCIIOI30BaHNUE HETPOPEarupoBaBIINX HUCXO -

HBIX BCHICCTB, TAK U IMOJTYUYCHHUC LECJIICBOIO ITPOAYKTA C BBICOKHMM BbIXOAOM U CCJICKTHUBHOCTBIO.

Pe3yabTaThl U HX 00CyIKIeHHE

Peakiust nuKI0aIKuIMpoBanus (eHOa IUKIOJUMEPAMH H30MPEHA IPOTEKAET 110 MEXaHHU3MY
NEKTPODUIBHOTO aAPOMATHIECKOT0 3aMEIeHHs. APOMAaTHYECKOE KOJBIIO (JEHOTa UMEET BBICOKYIO
AJIEKTPOHHYIO IIJIOTHOCTH, IOATOMY aKTHBHO K aTake 3jekTpoduia.

Crajguu MexaHu3Ma

1. Oobpa3zoBanue 3aeKTpoduIa

[{ukiiogMMepbI U30MPEeHa B MPUCYTCTBUH KUCIOTHOTO Karanu3aropa (KH-30) npoToHupyroTcs
WJIM TIPEBPAIAOTCs B KapOOKaTHOHBI. BpEHCTEIOBCKHME KUCIOTHBIC IIEHTPhI KaTajlu3aTopa UrparoT
BXKHYIO POJIb.

2. DnekTpodHIbHOE aPOMATHIECKOE 3aMEIIICHHE

T'uapokcunpHast Tpyrna GeHosa akTUBUPYET KOJIBbIIO, 0COOCHHO 0pmo- U napa-TmoilokKeHus, yBe-
JIMYMBasi UX BOCIIPUMMYHUBOCTD K arake kapOokaTroHa. KapOokaTHOH aTakyeT apoMaTH4ecKoe KOJib-
10 1 GOPMUPYETCS G-KOMILIEKC (FHOH apeHa).

3. OrtmenyeHne MpoTOHA M BOCCTAHOBJICHHE apOMaTHYHOCTH

U3 6-KoMIUIeKca OTIHICIUISIETCS] TPOTOH, apOMATHUYECKasi CUCTEMa BOCCTAHABIMBACTCS. YPaBHE-

HUA pCAKIIUU HUKJIOAJKUIUPOBAHUA (beHona UKJIOAUMEPpAMU U30IIPECHA IPUBEACHBI JaJICC:
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OH OH
CH, CH,

cH, OH Cle

€ . Ny

EH, JJH:
H,C-C-CH, H,C-C-CH,

H,C=C—CH, %
CH,
—
CH, /\CH3
c

H;
HO

C 1eJIbI0 HAXOX/ICHHUS! ONTUMAJIbHBIX YCIIOBUH, 00ECIEUMBAIONINX MaKCUMAJIbHBIA BBIXOJ 71-
LUKJIOATKUI(EHOIIOB, N3yYaJIi BIUSHNE TEMIIEPATyPbl, BpDEMEHH PEAKIIMH, MOJIHOTO COOTHOIICHHS
HCXOJHBIX KOMIIOHEHTOB M KOJINYECTBA KaTAJIM3aTOPa Ha BBIXOJ M CEJIEKTUBHOCTD IIENIEBBIX LIUKJIO-
aTKHII(hEHOTIOB.

Temneparypy peakinu BapsupoBaiu B uHTepBase 100—160 °C, Bpems 2—6 4, MOJIBHOE COOTHO-
menue — 2:1+1:2, konndectso katanusaropa 5—15 %.

Ha puc. 2 npuBesieHbl pe3ybTaThl ONBITOB MO aJKMINpoBaHUIO (eHosna ¢ Il B npucyTcTBHH
katanuzaropa KH-30.

Kax BuaHO M3 puc. 2a, mpu NOBbIIEHNN TeMmnepaTypsl peakuuu ot 100 mo 120 °C BwIxox 1e-
JEBOr0 MPOAyKTa yBenuuupaercs ¢ 56.3 1o 68.9 %, a cenekTuBHOCTH Bo3pacTtaer ¢ 86.7 1o 91.7 %.
Husknii BBIXOA 1 CENEKTUBHOCTH MPU HU3KHUX TeMIepaTypax OOBICHIIOTCS 00pa30BaHHEM ITHKJIIO-
anKnI(GeHmI0Boro 3(hupa, KOTOPHIN C MOBBIIICHUEM TEMIIEPaTypbl MUTPUPYET B OpmO-TIONOKEHUE
(denona, odpasys opmo-uukinoankuideron. [pu noseimennu remueparypsl 10 135 °C Bbixon 1ene-
BOro nponykra gocturaer 75.7 %, a ceneKTUBHOCTh cocTaBisieT 92.5 %. OnHako npu NOBBILIEHUH
temneparypsl 10 160 °C Bbixos cHikaercst 10 67.7 %, a CeNeKTUBHOCTD MO 7-IIUKJIOAIKHIPEHOIY
Tak)Xe CHIKaeTcs 10 79.8 %, 4To cB3aHO ¢ YBeTWYCHHEM MOOOUYHBIX peakiuii. 13 skcriepuMeHTOB
SICHO, YTO ONTHUMAaJIbHAS TEMIIEpaTypa peakiuu coctapiuset 135 °C.

OnTuManbHOE BpeMs peakIiy cocTaBiseT 4,5 4, IIPH 3TOM JIOCTUTAIOTCS HAaUOOJIbIINE 3HAYCHU S
BBIXOJIa M CEJICKTUBHOCTH MponyKTa. [Ipu nanpHelmemM yBennuyeHNT IPOI0IKUTEIBHOCTH PEAKIIUN
HaOIr0aeTCs CHIKCHIE Y(PPEKTUBHOCTH Iporecca (puc. 2b).

Konnentpanus /Il B peakiimoHHONW cMecH UTpaeT OMPENesSIoy0 Pojib P MOJYYEeHUU 71-
nukioankuiadpenona. Kak BugHo u3 puc. 2, npu n30bITouHON KoHIEHTpanuu I BeIxon neneBoro
npoaykra coctaBiseT 39.2 %. DTo 00bsACHACTCS 00pa30BaHUEM B PE3yJIbTaTe PEAKIMK 1~ U TPU3a-

MCEUICHHBIX I_[I/IKJ'IOEIHKI/IJ'Iq)GHOIIOBZ
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<
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a
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Temnepatyp - 135°C, Bpems - 4.5 4, Kon.kat. - 10% Temnepatyp - 135°C, Bpems - 4.5y, AMN:® - 1:1 mon/mon
Puc. 2. 3aBucumocth Bbixoma (1) u cenektuBHOCTU (2) 71-(3-METHIIMKIOrEKCEH-3-UI-U30MPOMIT)(heHoIa
OT TeMmIeparypsl (a), oT BpemeHu peakiuu (b), monbHOro cootrnomenus JI1 k denony () U KoaudyecTa
karanusaropa (d)

Fig. 2. Effect of temperature (a), reaction time (b), DP-to-phenol molar ratio (c), and catalyst loading (d) on the
yield (1) and selectivity (2) of p-(3-methylcyclohexen-3-yl-isopropyl)phenol
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IMpu wmonspHom cootHomeHnn ¢enona k JIT 1:1 BeIxom ueneBoro mnpoaykra, n-(3-
METHIIIUKJIOTEKCEeH-3-I-u3omponmi)deHona, coctasiser 75.7 %, a cenekTuBHOCTh — 92.5 %. XoTs
rpauk MOKa3bIBaeT, YTO BBIXOJ U CEJICKTHMBHOCTb HE3HAUUTENBHO YBEIUYMBAIOTCS IPH UCIIOIb30-
BAaHNU M30BITOYHOTO KOJIMYECTBA (DEHOIIA, IIPUMEHEHHE OOJIBIINX KOIMYECTB (DEHOIIa SKOHOMHUECKHI
HerenecooopasHo (puc. 2c).

AHanu3 aKuiaTa Ipy aJlKWINPOBAHUH ITOKAa3bIBAET, UTO B3auMoeiicTBre (peHoma ¢ TUIpeHoM

MPOTEKAET KAK 10 KPATHOM CBA3M OOKOBOM IIeNH aJKMJINHUKIICHA, TaK U M0 JBOMHOM CBA3M LIUKJIA:

OH CH,

+ CH,
c”
~CH;,

CH, OH

AHanu3 cocTaBa aJKWiIaTa MMOKAa3bIBAET, YTO OCHOBHYIO JIOJIO NMPOAYKTOB COCTABISIOT COE/IHU-
Henus (1), copeprkaine oqHO GEHUITBHOE KOJIbIO. DTO CBUICTEILCTBYET O TOM, YTO PEAKIIHS Ipe-
MMYIIECTBEHHO IPOTEKAET 10 IBOWHON CBS3M OOKOBOM Ienu qunpeHa. Takoe HalpaBlIeHUEe peaKuu
00YCIIOBIICHO T€M, 4TO Pa3pbIB JIBOMHOW CBs3M B OOKOBOH IeTH TPeOYyeT MEHBIINX SHEPreTHUECKUX
3arpar. B To jxe Bpemsi IBOIHas CBSI3b B IIMKJIOT€KCEHOBOM KOJIbLIE HAXOAUTCS B 00Jiee yCTOWINBOMH,
CONPSIKEHHOM (KOJIBLIEBOIT) cHcTEMe, 1 €€ BOBJICUCHHE B PEAKIIMIO CBSI3aHO C HEOOXOAMMOCTBIO Ipe-
ozosieHus OoJiee BBICOKOTO AHEPreTHYEcKoro O6apbepa. B pesyibraTe nmprcoequHEHHE 110 JIBOMHOM
CBSI3M KOJIbIIa IPOTEKAET MEHEEe MHTEHCUBHO, U MPoayKTHI TUMa (1I) 0Opa3yroTcs B MEHBIINX KOTHYE-
cTBax. Takum 0Opa3oM, Ipolecc HapaBJeH MPEUMYIIECTBEHHO 10 SHEPreTHYECKH 00jIee BHITOIHO-
My IIyTH — 4epe3 peakiuto no 00koBou uenu. [Tpu 3ToM BapbupoBaHHe yCIOBHH peakliii U MOJIBHOTO
COOTHOIICHHSI HCXOIHBIX KOMIIOHEHTOB MO3BOJISET B ONPEICIEHHON CTETICHH.

[Tpu Hu3KOM KOMMYecTBe KaTanuzaTopa (5 %) BBIXOJ LEJIEeBBIX MPOAYKTOB coctasisetT 40,5 %,
a CeNIEKTUBHOCTB — 96,7 %. BrICOKast CENEKTUBHOCTH OOBACHICTCS PEHUPKYIISAIIUCH HCXOTHBIX KOM-
noHeHToB. Kak moka3zano Ha puc. 2d, makcumanbHbiil Bbixoq (75.7 %) u cenektuBHOCTH (92.5 %)
JOCTUTAIOTCS TIPH KonmdecTBe karanusatopa 10 %. IIpu yBenndeHHMM KoIM4ecTBa KaTalln3aTopa
1o 15 % BeIxon Bo3pactaeT A0 78,6 %, HO CeIeKTUBHOCTh cHMKaeTcs A0 83,0 % u3-3a oOpazoBaHus
MMOOOYHBIX MPOITYKTOB.

Takum 00pa3om, Jis OCYILECTBICHHS PEaKIK aJKUIUPOBaHUs (PEHOIIA C IUITPEHOM B IIPUCYT-
CTBHHM LeoNHTCoAepKaiero karannzaropa KH-30, HaliieHbI ONTHMaJIbHBIE YCIOBHS: TEMIIeparypa —
135 °C; Bpems peakuuu 4,5 4, MojabHOE cooTHomeHue (enomna k JIIT — 1:1 MoJb/MOJIb; KOJTHYECTBO
karanuzaropa 10 %. [Ipu 3TuX ycaoBHSIX BBIXOJ #-IIUKIIOATKMI(EeHo a cocTaBiseT 75,7 % Ha B3STHIH
(beHo, ceeKTUBHOCTD — 92.5 % 10 1eJIeBOMY MPOIYKTY.

XpomaTorpapuiecKkuii aHaIH3 MUKIOATKAIPEHOIOB OCYIIECTBIISIN Ha Xpomarorpade XM-72
C AETEKTOPOM IO TEIJIONPOBOAHOCTH. [[TMHA KOJOHKH 2 M, TBEPABIH HOCUTENb — XpoMaToH N-AW-

JAMC, npOMBITBEIH KHCIOTOH 1 CHIIaHU3UPOBAHHBINH AUMeTHIIXI0pcrinanoM ¢p. 0,2—0,25 mm. Henon-
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BrKHas aza — 5 %-HbIil METHIICHIIOKCaHOBBIH dtactomep SE-30. HayanbHast Temneparypa KOJIOHKH
50°C, xoneunas temneparypa 280°C, ckopocts nporpammupoBanus — 10°C B MMH, CKOPOCTb ra3a-
HocuTess renus — 50 Mii/MuH, Temneparypa ucnapureis — 355°C, remneparypa aerekropa — 300°C,
CKOPOCTH AMArpaMMHOMN JeHTHI — 60 MM/4. J{7151 pacdeTa HCIoIb30BaIl METO/] BHY TPEHHEH HOpMaIIu-
3aIi, OCHOBaHHBIN Ha npuBeaeHuH K 100 % cyMMBbI miiomiaaeil mIKoB.

[Ta0THOCTS (p) METHIILIMKIIOATKHUIIPEHOIIOB ornpenesnsiau cocooom ASTM D 5002 na nmpudope
«DMA 4500 M» (dupma Anton Paar), nyuenpenomnenue (n2’) Ha npu6ope «Abbemat 500» (pupma
Anton Paar), kunetndeckyo BsizkocTh ciocooom ASTM D 445 na npubope «Atabinger SVM» (pup-
Ma Anton Paar), monexynapuyto macca mpu 200 °C Ha macc-cektpomerpe MX-1303.

DJIEMEHTHBIH COCTaB TOJIyYEHHBIX MPOAYKTOB OIpENeisiian Ha mpudope «eco Europe B. V.
(VOUERSWEG 118-6161 AG GELEEN-NEDERLAND Postbuus 1174-6160 BO GELEEN).
UK-criexTpbl cHATBI Ha crektpomerpe «Spektrum BX» (pupma «Perkin-Elmer») m «ALPHA
IQ Furye» (pupma BRUKER) B nuamaszone BonHOBBIX uymcen 600—-4000 cm!' ma kpucramie ZnSe.
Crekrpsl 'H SIMP cuumanu Ha npubope « BRUKER WP-400» (300 MTI'1, BHyTpeHHHH cTaHIapT-
TeTpaMEeTHUJIICUIIAH).

Unentudukanuio n-nukioadkmiadeHora Ha ocHoBe Il — n-(3-MEeTHIIHKIOTEKCEH-3-HII-
usonporui)henona nposoaunu Merogamu UK- u '"H IMP- criekrpockonuu (puc. 3).

822 cM ! — xapakTepeH AN napa-3aMemEHHOro OEH30JIBHOTO Kobla; 642, 724, 751 cm™ — mno-
JIOCHI, COOTBETCTBYIOIINE Mema-3aMeliEHHOMY OeH301bHOMY KombIly; 1013, 1082, 1105, 1179 cm™! —
BaJleHTHBIe koneOauus cBs3u C—O; 1231, 1441, 2860, 2953 cm'— nedopmanroHHBIC U BalCHTHBIC
kosiebanus cBs3eit C—H B rpynmax CH, u CHs; 914, 928, 976 cm ! — nedopmarinoHHbie KOJIeOaHUs

cesi3u C—H B ammmeHoi rpynmne (HC=C); 1510, 1597, 1612 cm™' — BanenTHble Koiebanus csizu C=C
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Puc. 3. UK-cniekTpaibHblil aHaau3 71-(3-MEeTUIHUKIOTeKCCH-3 -HII-U30Mponui)heHoma
Fig. 3. FTIR spectral analysis of p-(3-methylcyclohexen-3-yl-isopropyl)phenol
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Fig. 4. '"H NMR spectral analysis of p-(3-methylcyclohexen-3-yl-isopropyl)phenol

B asumibHOU cucteme (HC=C-); 3022 cm™!' — BanienTHOE Kosiebanue cBsizu C—H B anuiibHO#M rpymme
(HC=C-).

'H SIMP-criekTp coearHeHuUs 71-(3-METHIIIUKIOTeKCeH-3 -HT-u3omnpornun)denona (puc. 4, 5) ObL1
3aperucTpupoBaH Ha cnekTpomerpe Bruker nmpu wacrote 300 MI'nt B pactBoputene CDCl;. B ciektpe
HAOTIOAAIOTCS CIEAYIOIINE XapaKTepPHbIe CUTHAJIBL:

* 8 = 7.14-6.61 ppm (4H, apom.). OTu curHaibl COOTBETCTBYIOT IPOTOHAM apOMATUUYECKOrO
KOJIbIIA ¥ TOATBEPIKJIAIOT HAJTHYUUE Napa-3aMeIEHHOTO (PeHOIBHOIO (parmMeHTa;

* 0 = 4.77 ppm (1H, cunraer). JJaHHBIH CUTHAT NPEAIOIOKUTEIIBHO OTHOCUTCS K MPOTOHY
ruapokcuibHol rpynisl (~OH) dpenonbHOrO hparmenta;

* 0 = 1.79-1.14 ppm (Myabrumjier). HaOmromaeMbple CHTHAlBI OTHOCSATCS K MPOTOHAM
anudaruueckoit yactu monekynbsl (CH; u CH, rpymnibl), BXOASIIIUM B COCTaB IIMKJIOAJIKEHUIBHOTO
1 30N PONMIEHOTO (pparMeHTOB.

153.47 ppm - curHa;m apoMaTUYeCKOrO aToMa Yriepojaa, HEMOCPEACTBEHHO CBSI3aHHOTO
C TUAPOKCUIIBHON Tpynmoi ¢penonpHoro hparmenta (C—OH).

143.16 ppm — curHaji 4eTBEPTHYHOIO apoMaTrHyeckoro aroma yriaepoza (ipso-C), cBS3aHHOTO
C AIKMJIBHBIM 3aMeCTUTENeM (DEHOIBHOTO KOJIbIIaA.

127.05 u 117.88 ppm — curHajbl apomaruyeckux aromoB yriepoaa C—H ¢eHosbHOrO Kosbla
(opmo- n mema-noNOXKEeHHUsT), YTO NOATBEPIKIACT NaApa-3aMEIIEHHYIO CTPYKTYPY COSIMHEHUS

47.22 ppm — curHaj anudaTHYECKOro aroma yriepoja, CBS3aHHOINO C apoOMaTHYeCKHM
(parMeHTOM/aTKNIBHBIM 3aMECTHTEIIEM.

29.45 u 23.84 ppm — curHajsl anu(aTHYSCKUX aTOMOB YIJIEPOAa METHJICHOBBIX M METHJIBHBIX

rpynn qUKJIOAJIKEHUIBHOTO U U30IPOITUIIBHOT'O (bpal"MCHTOB.
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Fig. 5. 3C NMR spectral analysis of p-(3-methylcyclohexen-3-yl-isopropyl)phenol

AHaJOrHYHBIM 00pa30oM H3y4YeHbl peakuuu B3aumoneicTBus ¢enoma AT u OIJIU
B IpPHUCYTCTBUHU ILeonauTcoaepxkamiero karanuzaropa KH-30. Jlns kaxaod peakuuu HalJIE€HbI
OIITUMAJIbHBIC YCIIOBHUSI. YCTaHOBIICHO, YTO IPH ONITHMAJIBLHOM peXkuMe ankunupoBanus penonac AT
(remmeparypa 145 °C, Bpems peakiuu 6 4, MonbHOe cooTHommenue ¢enona k JAIIT 1:1, komuuecTBo
karanu3aropa 13 %), BBIXOJ [IEJIEBOTO MPOAYKTA — 1-(4-METHIIIMKIIOT €KeH-3 -FJI-U30MPOITHT)heHoa
cocTaBisieT 68,9 % Ha B3ATHIH (heHOII, CeTeKTUBHOCTD — 85,3 % 10 n-IIUKI0aNKUI()EHOITY.

PesynbraTel uWccienoBaHUs peakuuu ankuinpoBaHusi ¢enona ¢ DL nokaszanu, uTo
npuemsieMbIM BbixonoM (71,2 %) u cenekTuBHOCTHIO (88,5 %) B mpouecce noxyudeHus napa-[3(4)-
METHIILUKIIOTe€KCEH-3 -HII-u30nponuii|peHomna spistores: Temneparypa — 140 °C, BpeMst peakiuu —
5,5 4, MmoipHOE cooTHomeHue (enona k L[JAN — 1:1, xomuyecTBO Katanuzaropa — 12 % (Ha B3ATHIN
(henomn).

B Ta6u. 2 npuBeaeHbl GU3NKO-XUMHUYECKNE XapaKTEPUCTHKH U SJIEMEHTHBIH COCTaB CHHTE3HPO-
BaHHBIX 71 — [IUKJI0AJIKHI(EHOJIOB.

st o6pasna karanuzaropa KH-30 Obutm nccneioBanbl MOpQOIOrus HOBEPXHOCTH € HCIIONb-
30BaHUEM CKaHUPYIOIIETO JJIEKTPOHHOrO MHUKpockona (COM) M dJIeMEHTHBIM COCTaB METOAOM
penrrenoguryopecrentHoro (P®) ananmza. Taxxe Obuta ompeneneHa paclpeAeI€HHOCTh 3JIEMEH-
TOB B IPUIIOBEPXHOCTHBIX ciosix. COM-uzo0pakenue obpasia (puc. 6) u cnekTpbl Pd-ananuza
(puc. 7) mpencTaBlieHbI HA HUXKETIPHBEICHHBIX PUCYHKAX.

Oo6pazen KH-30 Obiin BhicyiieH B cymuibHoM mikady npu temmneparype 110 °C B teuenue 2
4. [Tocne 3Toro ObUIM POBEACHBI TEPMUYECKUI U pEHTTeHO(a30BbIl aHaIN3bl. PeHTreHoda3oBbIit
coctaB oOpasna katanuzaropa KH-30 uccnenoanu na nuppaxromerpe XRD TD 3500 (Kuraii)

C MCTIONIb30BaHMEM MOHOXpoMaTHueckoro usnyuenns CuKa (A = 1,5418 A) u Ni-¢punsrpa. Chémra
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Puc. 6. COM-u3ob6paxenue oopaszua KH-30

Fig. 6. SEM image of the KN-30 sample

Full Scale 1305 cts Cursor: 0.000

Puc. 7. PertrenodiyopecueHTHbIi criekTp obpasna KH-30

Fig. 7. X-ray fluorescence (XRF) spectrum of the KN-30 sample

Ta6nuua 1. Pesynbrarel PO-ananusa odpasua karanuzaropa KH-30

Table 1. Results of XRF analysis of the KN-30 catalyst sample

DJIeMEHT Tun muaun Maccosas gois, % AtomHuas noas, %
Na K 0.40 0.71
3 Al K 13.91 9.91
14Si K 31.30 22.43
(0] K 54.39 66.95
Total 100 100

PEHTreHOorpaMM OCYINECTBIIAIACH C maroM ckanuposanus 0,1°, BpeMeHeM HaKOIUIEHHS 7 ¢ Ha TOY-
Ky, npu Hanpspkenun 35 kB 1 Toke 30 MA. C moMomuIsio peHTreHo(a30Boro aHaan3a OblI0 H3YUECHO
cTpoeHue oOpasua karanuzaropa. Ocoboe pacrojioKeHne aKTUBHBIX IIEGHTPOB B CTPYKTYpe KaTa-
nn3aropa 00ecrneunBaeT BO3MOKHOCTh IIPOTEKAHUS PA3JIMUHBIX PeaKIHUi NMPEeBpAIICHHUS YTICBO-
JIOPOJIOB TIPU OJAMHAKOBBIX TeMIEpaTypax, JAaBICHUSIX M CKOPOCTIX MOAAuYM MCXOJHBIX BEIIECTB
(Tadm. 1).

CrnenyeT OTMETUTBh, YTO MEPBHUHYIO MH(OPMAIUIO O COCTOSIHMHM BEIIECTBA MOYKHO IOJIY-
YUTH TAK)KE 110 BHEITHEMY BHJly PEHTT€HOBCKMX KpHuBBIX. Kak BuaHO U3 peHTrenorpammel KH-30
(puc. 8), HaOMOAAIOTCS Y3KHE W MHTEHCHBHBIC TU(PPAKIIMOHHBIC ITUKH, XapaKTEePHbIE JJIsI XOPO-
mo kpucrajun3oBanHoro cunukara E (SiO2) ¢ uaTeHcuBHBIME MakcumyMmamu nipu 00—-047-0715.
Oo6pa3selr UMeeT KyOUUYECKYIO CTPYKTYPY, [TapaMeTPhl JIEMEHTAPHON sTYCHKH COCTaBIsAOT: 4.9896
x 49896 x 17.061 <90.0 x 90.0 x 120.0>. Bo3M0XHO€ HaJIOXKEHUE JUHUN NPONOPLUHUOHAIBHO KO-
JIMYeCTBY pedIiekcoB U orpenensieTcst KodQOUIUEeHTOM MOBTOPIEMOCTH. TepMHuuecKasi CTOHKOCTh
1 M3MEHEHHE Macchl 00pa3noB ObLIN MCCIIEI0BAHBI METOIOM CHHXPOHHOTO TEPMUYECKOTO aHAIN3a
Ha nipubope STA-449 “Jupiter F3” (I'epmanus). AHanu3 NpoOBOAMIICS B JUHAMHUYECKOM PEXHME
B TOKE a30Ta mpu ckopoctn Harpesa 10 K/mun B Temmneparypuom nuanasone 22.5-850 °C. Cko-
pocTh moToka uHepTHOTrO Tra3a (N2) cocTaBisuia 20 MJI/MUH, Macca KaXkJ0ro UCCIeayeMoro oopas-

na — 10 mr.
— 589 —



Journal of Siberian Federal University. Chemistry 2026 19(3): 579593

05.04 KN30.mdi] Slit:1.00deg8.1.00deq@0.20mm Monochromator: OFF Theta-Theta
Si0z - Silicate E

00.047-07 15> $i0z- Silicate E

2
2
-]

Intensity(CP'S)

50

| | |
" MU Hm e Lk

10 30 a0 50 60 70 80

Puc. 8. Pearrenorpamma o6pasma KH-30

Fig. 8. X-ray diffraction (XRD) pattern of the KN-30 sample

B nmpuBenénHON HIDKE TaOIUIE MPEICTABICHO 0O0CYXKICHUE PEeaKIuU aJIKWINPOBAHUS (eHOIa
JUIIPEHOM B MIPUCYTCTBUH PA3TUYHBIX KaTaIH3aTOPOB (Tab. 2).

Ha ocHoBaHWW aHaiM3a SKCIEPUMEHTAIBHBIX PE3yJIbTaTOB YCTAHOBJICHO, YTO IO CPABHEHUIO
C paHee M3BECTHBIMH KaTalu3aToOpaMH IeonuTconepxkamuii katanuzatop KH-30 nposiBisieT 6omee
BBICOKYIO 3()()eKTHBHOCTH B pPEAKIINH aKIIHPOBAHUS (PEHOIA U30IPEHOBBIMU ITUKIOIUMEPAMH.

B rabnune npencraBieHbl GU3NKO-XUMUYECKHE TAPAMETPhI U AJIEMEHTHBIN COCTAB MOy YeHHBIX
N-IAKJI0ATKIII()EHOJIOB, YTO IMO3BOJISIET OLIEHUTh UX CBOMCTBA (TabI. 3).

[MonyueHHble napa-uukI0aNKII(EHOIbI ObLITN UCIIOIB30BAHBI B KAYECTBE UCXOAHBIX COE/IMHE-
HUHN I noiydeHust napa-uuknoankmiperon-aMuHEbIX cmoil (ITADAC). ITADPAC nmomyyanu B3a-
HMOJICHCTBHEM Napa-IUKIOKAIKUI(GEHOIOB ypoTpornuHoM 1pu temieparype 140 °C B Teuenue 30
MUH.

B pesynbrare nmosny4aroTcs OpONIKOOOpa3HbIe KPUCTAIIIBI JKEITOBATOTO I[BETA C TEMIIEPaTypoi

pasmsruenus 103—-107 °C, conepxxanue azota — 2,37-3,04 %.

Tabauua 2. CpaBHUTENIBHBIC JaHHBIC PEAKIIMU AJIKHJIMPOBaHUs (EeHOJIA TUIIPEHOM B IIPUCYTCTBUU PA3IUYHBIX
KaTaJIM3aToOpOB

Table 2. Comparative data for the alkylation of phenol with diprene in the presence of different catalysts

[MapameTtpsr NaHSO, KV-2 KVY-23 KH-30
1. Temmeparypa, °C 160 135 145 135
2. Bpems peakuuu, 4 4 4 5 4.5
3. ®enomn: A1, monb/MoOIb 2:1 2.5:1 1:1 1:1
4. KonngecTBo KaTanusaropa, % 10 12 15 10
Brixom, % 77.8 76.6 73.5 75.7
CeNeKTUBHOCTH, % 84.1 83.4 91.6 92.5
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Tabnuna 3. PU3UKO-XHUMUYECKHE TIOKA3aTeIIU 1 JIEMCHTHBIN COCTAB 1-IIMKJI0ATKUI(PEHOIOB

Table 3. Physicochemical properties and elemental composition of p-cycloalkylphenols

DeMEeHTHBIH cocTaB, 4, %
Tem., BBIYHMCJIEHO
CrpykTrypHas popmyna °C/10 mm TeMr(I,'CKHH" Moz. macca m
PT.CT.
C H
CH,
CH
é 3 193-195 106-107 230 83.5 96
HO - - == —
83.8 9.2
b,
CH,
83.5 9.6
HO é@ 198-202 108 230 22 -2
& H 82.8 9.1
3
Hs
CH,
& 83.5 9.6
HO 194-201 107-108.5 230 e —
7<CH 82.7 8.9
éH; 3

[TADAC uncnonb3oBaHa B Ka4eCTBE TEPMOCTAOMITM3ATOPA HOJIHUIIPOIUIICHA C MOJ0KUTEIbHBIMH

pe3yJibpraTamMi.

BoiBoabl

1. B pesynbraTe mpoBenEHHBIX UCCIIEIOBAHNN BIEPBHIE OCYIIECTBIICHA PEAKITUS aATKUIUPOBA-
HUs (heHoIa AUTTPEHOM, AUIIEHTEHOM U M30IIPEHOBBIMH HIUKJIOAMMEPAMH B MIEPUOAMYECKOM PEKUME
B IPUCYTCTBUH LieoJUTCoepxkKatiero karannzaropa KH-30, 4To mo3Boiuiio nosy4uTh ankuieHobI
C BBICOKHM BBIXO/IOM ¥ CEJICKTUBHOCTBIO. OIpeesieHbl ONTHMAIbHbBIE YCIOBHS PEAKIIUU: TeMIepa-
typa 135-145 °C, nponomkurenbHocTb 4,5—6 4, MOJIbHOE COOTHOLIEHHE (heHoua K IuKiIonumepy 1:1
1 kosindecTBo Karanauzaropa 10—13 %. B 3TuX ycrnoBusx 0CHOBHOH MPOAYKT (/-IIMKJIOAJIKHII()EHOIIb)
obpasyetcs ¢ BerxonoM 68,9—75,7 % u cenextuBHOCTHIO 85,3-92,5 %.

2. Jlnst TOATBEPXKACHUS MOJICKYJSAPHOH CTPYKTYphl M COCTaBa CHHTE3MPOBAHHBIX
UKJIOATKUI(PEHOIOB ObLIH UCIIOIB30BAHBI CIICKTPOCKOMMYECKHE MeTO b, Takue kak UK-, AMP 'H-
n BC-cnekrpockonust. Takxe ObUIM TIIATEIBHO MCCIEIOBAHBI MX (U3MKO-XUMHYECKHE XapaKTepH-

CTHKHM U DJIEMEHTHBIA COCTaB.
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Abstract. The article investigates the properties of vulcanized rubber based on a combination of ethylene
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leads to changes in the rheometric, physico-mechanical, and performance properties of the vulcanized
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the scorch time of the rubber compound. The rubber compound including kaolin has the longest time
before vulcanization begins and the best technological properties. It was found that when carbon black P
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HccaenoBanue cBOMCTB Pe3MHBbI HA OCHOBE KOMOMHAILMU ITHUJICHIIPO-
NMIWJIEHIUEHOBOr0 U 0y TaIHEH-HUTPUJILHOT0 KAY41yKOB,

couepmameﬁ NPUPOAHBIEC TUCIICPCHBLIC HAIIOJHUTECIU

E.H. Eropos, H. . KosbnoB
Yyeawickutl cocyoapcmeenuvii ynusepcumem um. M. H. Yivanosa
Poccuiickas ®edepayus, Yeboxcapul

AnHoTauusi. B crarse mccienoBaHbl cBOWCTBA pEe3MHBl HA OCHOBE KOMOWMHAIHUH
stunennponuieHguenosoro CKOIIT-40 u Oyraguen-uutpunpaoro CKH 2645 kayuykoB npu
paBHOMAacCcOBOH 3aMeHe TexHuueckoro yriaepoaa I1 514 na nucnepcHble NpUPOIHBIC HATOIHUTETN
(xaonuH, nuatoMuTsl NDP-D-400 u NDP-D-230, men npuponssiii 1 Mukpoksapiy). Ilokazano, uto
3aMeHa TeXHu4eckoro yriepona I1 514 Ha nepeunciieHHble HATOJHNUTEIN IPUBOAUT K H3MEHEHHIO
peoMeTpUYEeCcKuX, PU3NKO-MEXaHUYECKUX M IKCIIJIyaTallMOHHBIX NOKa3aresei pesunsl. [Ipu aTom
HaOJI0aeTCsl yMEHBIICHHE MAKCHMAJIBHOTO 1 MUHUMAJIBHOTO KPYTAIINX MOMEHTOB, BO3pAaCTaHUE
BPEMEHH HauaJla ByJKaHU3alUK pe3MHOBON cMecH. Hanbosnee npooKUTEIbHBIM BPEMEHEM JI0 HavYasIa
BYJKaHM3AIUH U JTyYIIUMH TEXHOJIOTMYECKNMH CBOWCTBAMH 00J1a/IacT PE3NHOBASI CMECh, BKJIIOYAIOIIAs
KaOJIMH. YCTaHOBJICHO, UTO MPH 3aMeHe TexHu4eckoro yrepoxaa I1 514 Ha HamoaTHUTEIN MPOUCXOIUT
CHIDKEHHE YCIIOBHOM IMTPOYHOCTH IIPU PACTSKEHUH pe3nHBbl. Pe3nHa, conepxanas KaoiauH, o0agaet
BBICOKOI CTOMKOCTBIO K TEPMOOKHCIICHUIO, CTAOMJIBHOCTBIO K JICHCTBHIO YTIIEBOAOPOAOB U MOXKET
OBITH PEKOMEHOBAaHA JJIs1 N3TOTOBJICHUS (DOPMOBBIX M3/AEINN, TPUMEHSIEMBIX B aBTOMOONIIEHON

IIPOMBIIIJICHHOCTH.

KuroueBbie ciioBa: stmiennponmieHaneHoBbiii CKOIIT-40 u 0yranuen-uutpunbabiii CKH 2645
Kayuyku, Texunueckuit yraepoa I1 514, kaonun, auatomutsl NDP-D-230 u NDP-D-400, Mmen npupoaHblid,

MHUKPOKBapIl, pe3nHa, PpEOMETPHUECKUE, PU3UKO-MEXaHUYECKHE U DKCIIIyaTallHOHHbBIC CBOMCTBA.

Luruposanue: Eropos E. H., Koxbros H. U. UccnenoBanne cBOKCTB pe3HHBI HA OCHOBE KOMOMHAIINH STHIICHIPOITUIICH INEHOBOTO
1 OyTaaHeH-HUTPHIBHOTO Kay4yKOB, COAEpIKaIel MPUPOAHBIe auctiepcHble HanoaHuTenw. XKypH. Cub. dpenep. yH-Ta. Xumus,
2026, 19(3). C. 594-602. EDN: DIGUAB

BBenenue

K pe3nHOTeXHNYEeCKUM U3/IeNINSM, UCIIOJIB3YEMbIM B Pa3JIMYHbIX OTPACISAX, B TOM YHCIIE B aBTO-
MOOMJIBHOI TPOMBIIIICHHOCTH, TIOCTOSIHHO MOBBILIAIOTCS TPEOOBAHUS 110 KCIUTYaTallMOHHBIM CBOH-
ctBaM. OIHUM U3 MTOJXOA0B, TIO3BOJISIOMINX JOOUTHCS ITOTO, SIBISETCSA IIPUMEHEHHE B COCTABE PE3UH
KOMOHMHAIINN Pa3INYHBIX KayuyKOB M HamoiaHuTeNnel. Cpenn KaydyKoB BBI3BIBAIOT MPAKTUUECKUN
nHTepec sTHIeHIponuieHineHoBble kayayku (CKOIIT), pe3snHbl Ha 0OCHOBE KOTOPBIX XapaKTepH3y-
IOTCSI BBICOKOM YCTOMYMBOCTBIO K O30HY U JIEKTPOU3OJISIIIMOHHBIMY CBOMcTBaMH [1—4], o61anaroT
YCTOMYHMBOCTBIO K TEMJIOBOMY CcTapeHHIO [5—8]. OqHaKo Takue pe3nHbl HE CTONKHU K BO3EHCTBHUIO
apoOMaTHYECKUX U aaupaTHUCCKUX YIIICBOJOPOIOB, Mace, OeH3uHa U kepocuHa [9—11]. BBenenue

OyTaaMeH-HUTPHIIBHBIX KayuyKoB B pe3uHbl Ha ocHoBe CKOIIT MoXeT ycTpaHUTh 3TH HEAOCTATKH,
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MOCKOJIbKY OyTa/JMeH-HUTPUIIbHBIC Kay4yKH 00J1aat0T BHICOKOH CTOMKOCTBIO K yTIIEBOJOPOIHBIM
MacjaM U OpraHu4ecKuM pactBoputessm [12—-14)]. s ynydieHus SKCIlyaTaquOHHbIX CBOMCTB PE3UH
B HUX TaKJKe BBOJAT JUCIICPCHBIC HATIOJIHUTENH, KOTOPbIE TIO3BOJISAIOT PETyINPOBATh TEXHOJIOTHYECKHE
CBOICTBA PE3NHOBBIX CMecei, (PU3MKO-MEXaHWUYSCKHE CBOMCTBA BYJIKaHMU3aTOB [15—18] 1 mOBBICUTH
XUMHYECKYI0 CTOHKOCTB PE3UH K IeHCTBUIO arpeccuBHBIX cper [19-21]. K TakuM HamonHUTENIM OT-
HOCSITCS KaouuH [22, 23], nuatoMuTsl [24, 25], men [26, 27], KOTOpbIE MOTYT yAEIIEBUTH CTOUMOCTh
pe3uH. B cBsA3M ¢ 3TUM B JaHHOM CTAaThe UCCIEA0BAHO BIMSIHNE TUCTIEPCHBIX HATIOHUTENEH (KaoIuHa,
nuaToMuToB Mapok NDP-D-400 u NDP-D-230, mena mpupogHOro 1 MUKPOKBapIia) Ha peoMeTpude-
CKHe, PU3UKO-MEXaHHUYCCKHE M KCILIyaTallHOHHbBIC CBOMNCTBA pe3uHbl Ha 0cHOBEe KomOuHanuu CKOIIT
1 OyTaJiNeH-HUTPHIIHOTO Kay4yKOB, HCIOJIb3YEMOMN JUIsl U3TOTOBJICHHS YIIOTHUTEIBHBIX MTPOKIIaI0K

JUTsL aBTOMOOMIILHOM IMPOMBIIIJICHHOCTH.

BKCHepl/IMeHTaJI])HaSI qacThb

basoBas pe3snHOBas CMECh BKJIIOUaJa CICAYIONINe KayTyKH ¥ HHTPEJUEHTHI (Mac.4.): STHJICHIIPO-
nunenaueHoBeiid CKOIIT-40 (25,0) u 6yraguen-uutpunbsabiii CKH 2645 (75,0) kayuyku; ByJIKaHU3Y-
IOLINH areHT — cepy (2,0); ycKopuTenb ByJIKaHW3anu — N-IIUKJIOreKCnII-2-0€H30THA30IICy b eHAMU
(1,8); akTHBATOPHI ByIKaHU3AIMK — Oenriia HHHKOBEIE (5,0), creapuHoBas kucnoTa (1,5); maraurenn —
kaaudons (1,0), macio HapTeroBoe HKM-40 (10,0); mpotuBoctaputenu — N-perri-N'-n30mponui-
napa-pennnenaunamut (2,0), Bock 3B-I1 (1,0); TexHonoruueckyto nodasky — Struktol WB 222 (2,0);
HAIIOHUTEh — TeXHUYecKui yriepon Mmapku N 220 (40,0) u rexanueckuit yrinepon I1 514 (20,0).

B kauecTBe BapbUpyeMBIX AWMCIEPCHBIX HAIMOJHUTEICH HCIONB30BATNCh TEXHHUYECKHH yTie-
poxn IT 514, kaonun, nuaromut NDP-D-400, nuatomut NDP-230, Men npupogHblii 1 MUKPOKBApLL.
B tabn. 1 u 2 npuBeneHbl OCHOBHBIE (PU3NYECKHE MTAPAMETPhI U XUMHUECKUI COCTaB ITUX HAIOJIHHU-
Tenen.

Pe3nHOBYI0 cMech rOTOBMIIM Ha jabopaTopHbix Bajbiax JIb 320 160/160 npu temmnepaType mo-
BepxHOCTH BaskoB 60—70 °C B TeueHue 25 MuH. PeomeTpuueckue CBOMCTBA PE3MHOBON CMECH HUC-
cienoBasiuck Ha peomerpe MDR 3000 Basic ipu 150 °C B Teyenue 30 mun B coorBercTBun ¢ ASTM

D 5289. nst onpenencHus GU3NKO-MEXaHUISCKUX MOKAa3aTeNel pe3NHOBYIO CMECh BYJIKAHM30BAIN

Tabauua 1. OcHoBHBIC pHU3HUECKHE TAPAMETPbI AUCIIEPCHBIX HAIOJIHUTEICH

Table 1. Main physical parameters of dispersed fillers

[ToxazaTtenu
Hanonens qacI;le\[/[,eI\IZKM HOBeSg(f{J:)LcI"{rZ{ m2/r Inorsocts, r/em’

Texunveckuit yrnepox I1 514 0,039-0,055 50-57 0,340*
Kaonun 2-15 1024 2,50-2,63
Juaromut NDP-D-230 5-10 3,0-3,3 2,06
Juatomut NDP-D-400 25-30 0,9-1,1 2,14

Men npuponusiit MTI-2 11-20 1,8-2,5 2,50-2,73
MukpoxBapi 5-7 16,8 2,55

* — HACBIMTHAS IJIOTHOCTD.
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Tabnuua 2. XuMU4eCKHUil COCTaB MPUPOAHBIX AUCIIEPCHBIX HATIOJIHUTENCH

Table 2. Chemical composition of natural dispersed fillers

MaccoBoe conepxanue, %
JlucriepcHbIC HATIOJTHUTEIN -
SlOz A1203 F€203 Kzo CaO NaZO CaCO3
Kaonun 46,5 37,1 1,2 1,0 0,8 0,2 -
Hunaromut NDP-D-230 86,0 5,6 2,5 - 0,6 - -
Juaromut NDP-D-400 86,0 5,5 2,5 - 0,5 - -
Men npupoausiit MT/I-2 — 0,6 0,2 - — - 96,8
MukpoxBapIy 99,1 - - - - - -

B ByJIkaHHM3allMOHHOM npecce tuna P-V-100-3RT-2-PCD npu temneparype 150 °C B TedeHue 15 muH.
Yrpyro-npo4HoCTHBIE CBOMCTBa onpenensanu B coorsercteuu ¢ I'OCT 270-75; tBeprnocts no lopy
A — o I'OCT 263-75; conpoTtusienue pasaupy — B coorBeTcTBUd ¢ 'OCT 262-93; smacTu4HOCTH
1o otckoky — 1o I'OCT 27110—86; n3MeHeHne yCIOBHOW MPOYHOCTH MPH PACTAKEHUH, OTHOCUTEIb-
HOTO YUIMHEHHUS MpPU Pa3pbiBE€ U TBEPIOCTH IIOCIE TEPMOOKHCIMTEIBHOIO CTAPEHUSI HAa BO3LAYXE —
no 'OCT 9.024—74; u3mMeHeHHe yCIOBHON MPOYHOCTH IPU PACTKEHUH, OTHOCUTEIBHOTO YAJIMHEHUS
TIIPH pa3pbIBE U TBEPJOCTH IOCIIE BO3IEHCTBUS cTaHAapTHON HedTsaHol x)uakoctn CXKP-1 —no TOCT
9.030-74 (Meton B); u3aMeHeHHe MacChl MOCIE SKCIO3MIIUU B KUJIKUX arpecCUBHBIX cpenax (Macia

nHaycTpuanbsHoro M-20A, crannaptaoi HedTsiHOH KuaAKocTH CXKP-1) — 110 T'OCT 9.030-74 (MeToxn A).

Pe3yabTaThl U 00CyKIEHHE

ba3oBbiif BapumaHT pe3uHOBOH cmecu (1) M3rOTaBIMBAJCS C HCHOIB30BAHHEM TEXHHYECKOTO
yriepona I1 514. Jlanee npoBeeHa paBHOMaccoBast 3aMeHa TexHuueckoro yriepoaa I1 514 B pezuno-
BBIX CMECSAX Ha KaonuH (2), namaroMuTsl Mapok NDP-D-230 (3) u NDP-D-400 (4), men mpupoasslii (5)
u MUKpOKBap1I (6), conepkanue KoTopeix coctapisuio 20,0 macy. Ha 100,0 macy. kaydykoB (Tadm. 3).
B Tabun. 3 npuBeneHb peoMeTpUUECKHE CBOWCTBA [IUIsl pa3MYHbIX BAPHAHTOB PE3MHOBOM CMECH.

W3 mamHBIX Tabn. 3 ciuemyeT, YTO paBHOMaccoBas 3aMeHa TeXHUYecKoro yriepoxa I1 514
Ha BBIIICNIEPEUUCICHHBIC JUCIIEPCHBIC HAMOIHUTENHN IPUBOIUT K YMEHBIIEHHIO MAKCHMAIbHOTO
(My) n MmuHEMaTBHOTO (M|) KPYTAIIUX MOMCHTOB, a Takxke UX pasHoctu (AM). Ilpu sTom Ha-
OJifofjaeTcs BO3pacTaHue BpeMEHM Hauvauna (f;) ByJKaHU3allMu PE3NHOBOW CMECH M YMEHBILICHHE
ONITHUMAJBHOTO (f99) BPEMEHH BYJIKaHHM3ALMH (3a UCKIIoUeHUEM cMecH 4). Hanbonee mponomku-
TEIbHBIM BPEMEHEM [0 Hadaja BYJKAaHM3alHUHU, a CIEAOBATEIBHO, JIYUYIINMHU TEXHOJOTHYECKH-
MM CBOHCTBaMM (IepepabdaThIBAEMOCTBI0 METOJAMH IINPHUIEBAHUS HIIM KAJAHIPOBAHUS — TeX-
HOJIOTHYECKUMH ONEpalUsIMH HU3TOTOBJICHHUS 3aTOTOBOK PE3MHOBOM CMECH IS BYJKaHHM3aIUU
C TOCHEAYIOIMM IIOJIyYeHHEM TOTOBBIX (DOPMOBBIX H3JEIUN) XapaKTepU3yeTcs PEe3NHOBAs
cMech (2), comepkamias KaoJduH. DTO CBSA3aHO C MPUCYTCTBUEM B KAOJMHE OKCHIOB METAJJIOB
(Ca0, K,0, Na,0, Fe,0;,) (cMm. Tabi. 2), KOTOpEIE COBMECTHO C CTCAPHUHOBOM KHCIOTOH, cepoit
u N-nukiorekcui-2-6eH30Tnas3oicyibpeHaMuaoM o0pa3yrT Cyiab(OUIUPYIONIHe KOMIIJIEKCHI
[15, 28]. DTH KOMIIJIEKCHI 3HAYUTENBHO YCTYIAIOT 110 aKTUBHOCTH CYIbGUIUPYIOIEMY KOMILIEK-
cy Ha ocHOBe ZnO, 4TO MPUBOAMUT K YBEIWUYCHHIO BPEMEHU Haudalla BYJIKAaHU3AIUH PE3NHOBOMN

CMECH, coz[epxcameﬁ KaOJIuH.
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Tabauua 3. BapuaHThl pe3UHOBOM CMECH U €€ peOMETPHUSCKUE CBOICTBa

Table 3. Variants of the rubber compound and their rheometric properties

Bapuantsl pe3suHoBoii cmecu

Hamnonuurenu, moka3areiu

1 2 3 4 5 6
Texuunueckuii yraepon I1 514, mac. u 20,0 - - - - -
Kaonun, macu. - 20,0 - - - -
Juaromut NDP-D-230, mac.u. - - 20,0 - - -
Juaromut NDP-D-400, mac.u. - - - 20,0 - -
Men npupoassiit MT/I-2, mac.u. - - - - 20,0 -
MukpoxkBap1, Macd. - - - - - 20,0
Peomerpuueckue coiicta npu 150 °C
My, nH'm 21,06 18,65 18,37 18,22 16,73 16,56
My, ntH'm 2,76 2,19 2,37 2,33 1,98 2,00
AM, nH'Mm 18,30 16,46 16,00 15,89 14,75 14,56
ts, MUH 3,23 4,06 3,33 3,87 3,85 3,69
190, MUH 11,70 9,69 9,15 10,18 12,11 8,60
IIpumeuanue. My — MaKCUMalbHBIH KPYyTAIMH MOMEHT; M, — MUHHMMAJbHBIA KpyTsUMi MoMmeHT; AM — pa3HOCTh

MaKCUMAJIBHOT'O U MHUHHMAJBHOI'O KPYTAIIUX MOMCHTOB; ts — BpeMs Hadajia BYJIKaHHU3alUH; f9p — ONITUMAJIBLHOE BpeMs
BYJIKAHU3AILIUH.

W3sectno [11, 29-31], uto BenmunHa AM TpPSIMO MPONMOPIHOHATBHA CTEIIEHU CIIMBAHHS BYII-
kaHu3ata. B psagy cMeceit 2—6 BynkaHu3at (2), comepiKaliiii KaoJduH, TOJDKEH 0071a1aTh HAauOOIb-
el CTENEHBIO CIIMBAHUSA, a CJIEe0BATEIbHO, XapaKTepPHU30BaThCs OOMBIIMMHI MPOYHOCTHBIMH TIO-
Ka3aTeJIsIMU 0 CPABHCHUIO C BYJIKAaHH3aTaMH, BKIIOYAIOIIUMHA TUATOMUTHE Mapok NDP-D-230 (3)
u NDP-D-400 (4), men npupoassiii (5) u Mukpoxsapi (6).

B Ta6i. 4 npuBenens! GPU3NKO-MEXaHUYECKHE CBOMCTBA BYJIKAaHM3aTOB, IIOJIyYEHHBIX MIPH TEM-
neparype 150 °C B TedyeHne 15 MHH, XOTS ONTHUMAJIBHOE BpeMs BYJIKAaHU3ALMH PE3WHOBON CMECH,
cozieprKalleil pa3IMYHbIe HAIIOJIHNUTENH, OBUIO pa3HBIM U BapbHpOBaJIOCh OT 9 110 12 MuH, Tocie s10-
CTHKEHHSI KOTOPOTO BEIMYMHA KPYTAILIETO MOMEHTA, COOTBETCTBYIOIIAS €r0 MaKCUMaJIbHOMY 3Ha-
YEHHIO, B JaJIbHEHIIIEM He U3MEHsIach (HaOIroanoch aro ByiakaHusanuu). [loatomy cpaBHeHne
(U3NKO-MEXaHMUECKUX CBOMCTB BYJIKaHHU3aTOB IPOBOIUIIOCH IPU AITUTEILHOCTH BPEMEHH BYJIKaHH-
3allMH, NMPEBHIMIAOICH MAaKCHMAJIFHOE 3HAaYEHHE ONTUMAJIBHOTO BPEMEHHU BYJIKAHM3AIMK JJIsT BCEX
BAPUAHTOB PE3UHOBOU CMECH.

Kax BugHO U3 Tabdn. 4, mpu paBHOMAcCOBOI 3aMeHe TexHm4Yeckoro yrieponaa I1 514 Ha Beime-
MEPEYUCIICHHBIE HAMOJHUTEIN MPOUCXOAUT YMEHBIICHNE YCIOBHOM MPOYHOCTH NPH PACTSIKEHUU,
TBEPJOCTH ¥ COPOTHUBIICHUS pa3upy. IIpr 3TOM NIpONCXOANT yBEINYESHNE OTHOCUTEIIEHOTO Y IMHE-
HUSI TIPH pa3pbiBe M JIACTUYHOCTHU MO OTCKOKY. Cpenn ByKaHu3aToB (2)-(6) HauboIbIe yCI0BHOM
MIPOYHOCTHIO MPH PACTSKCHUH XapaKTepU3yeTcesl ByJIKaHNW3aT BTOPOr0 BapuaHTa, COACPIKAIINN Kao-
JIUH, BCIIEICTBHE €T0 BHICOKOH y/IEIbHOM MOBEPXHOCTHU MO CPAaBHEHUIO C IPYTUMHU HATIOTHUTEISIMHU.

Janee uccienoBanch U3MEHEHHsT (PU3NKO-MEXaHNYECKHUX TOKa3aTeNel 1 TBEPIOCTH ByJIKaHU-
3aTOB IOCJIe CTapeHus Ha Bo3xyxe u Beaiepkku B CXKP-1 mpu temneparype 100 °C B Teuenue 24 4

(cm. Tabm. 4). I3 nanubIX TabI. 4 clienyer, 4TO HaMMEHBIINMHU U3MEHCHUSIMH YIIPYTO-TIPOYHOCTHBIX
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Tabnuna 4. Pu3nKo-MeXaHHUECKUE M IKCIUTyaTallHOHHbIE CBOMCTBA BYJIIKAHHW3ATOB, COACPKAIINX PA3JIMYHbIC
HaIOJHUTEIN

Table 4. Physico-mechanical and performance properties of vulcanizates containing various fillers

Bapuants! pe3uHoBoi cmecu

ITokaszaTenu
1 2 3 4 5 6
DuU3NKO-MEeXaHUYECKHUE CBOMCTBA
Jp» MIla 9,1+0,4 7,9+0,3 7,3+0,3 6,8+0,2 6,5+0,2 6,2+0,2
€p, % 180+10 240+10 240+10 240+10 250+10 260+20
H, en. Wop A 7541 73+1 72+1 7241 70+1 71£1
B, xH/m 2542 2441 2341 23+1 23+1 21+1
S, % 21+1 23+1 2241 23+1 22+1 24+]

VI3mMeHeHHe ynpyro-npouyHOCTHBIX IIOKa3aTelied U TBEPAOCTH BYJIKAHU3ATOB 110CJIE CTAPCHUS
Ha Bozayxe npu 100 °C B Teuenue 24 u

Ay, % J(6,840,3) | -(6,5£03) | +(74+0,3) | +(8,3+0,4) | +(8,1£04) | -(3,0£0,1)
Ae,, % -78+L1) | -(12,240,5) | -(13,120,5) | -(13,5£0,5) | -(14,3+0,6) | -(23,0+0,9)
AH, ex. 1llop A +(2+1) +(2:£1) +(3+1) -(1£1) ~(1£1) +(1£1)

H3menenue ynpyro-npo4yHOCTHBIX TOKa3aTelel U TBepAOCTH BYJIKAHU3ATOB ITOCJIE BBIACPKKHI
B CKP-1 nipu 100 °C B Teuenue 24 4

A % -(14,6+0,6) | -(13,2£0,6) | -(16,1%0,7) | -(174+£0,7) | -(17,5+0,8) | -(17,9+0.8)
Agy, % -20,9+0,9) | -(18,7£0,8) | -2.4+L1) | -(4,0+1,1) | -247+1,2) | -(24,1=L1)
AH, en. Lllop A ~(8+1) -(7+1) -(8+1) -(9+1) -(101) -(9+1)

[Ipumeyanue. f, — ycloBHas NPOYHOCTD P PACTSKEHHH; &, — OTHOCHTENHHOE yJJIMHEHUE NIPU pasphiBe; /1 — TBEPAOCTh
no Ulopy A; B — conpoTuBiIeHHE pa3fupy; S — dMACTUYHOCTH 0 OTCKOKY; Afy, Ag, — OTHOCUTEIbHBIE U3MEHEHHUS YCIOBHOM
TPOYHOCTH MPHU PACTIKEHUN H OTHOCUTEIBHOTO yIINHEHNUS IPH pa3peiBe; AH — U3MEHEHHE TBEPIOCTH.

CBOMCTB TOCJIE CYTOYHOI'0 TEPMOOKHUCIHUTENBHOTO cTapeHus Ha Bo3ayxe u B COKP-1 obnanaer Bynka-
HU3aT (2), comepKaInii KaOJIHH.

Pe3ynbraThl Hccae0BaHNS U3MEHEHHSI MAcChl BYJIKAHM3aTOB IOCJIE UX BBIACPKKH B Macie UH-
nycrpuaiabHoM V-20A u crangapTHO# HedTsHOM ®uakoctr CXKP-1 nmpu temneparype 23 °C B Teue-
Hue 24 4 mpuBeieHBI Ha pUC. 1 1 2 COOTBETCTBEHHO.

W3 puc. 1 u 2 cienyer, 4TO BYJIKAHNU3AT, COACPIKAIINH KaOJINH, XapaKTepPH3yeTCsl HANMEHbBIINM
U3MEHEHHEM MacChl [10CJIe IKCIO3UIIMK B HHAYCTpUajibHoM Maciie M-20A u ctanaapTHON HEeTSIHOM
xuakocTd CXKP-1. D10 00BsICHAETCS HANMEHBIIUM U3MEHEHHEM YIIPYTO-IIPOYHOCTHBIX TIOKa3aTesei

IS ByJlKaHu3ata (2) mociue ctapenus Ha Bo3ayxe u B COKP-1.

BuiBoabl

Jns pesuHBI Ha OocHOBe KoMOWHamuu stuieHnpommieHauenooro CKOIIT-40 u OyTanueH-
HuTpuibHOro CKH 2645 xay4yykoB HcCIeTOBAaHO BIUSHHE PAaBHOMACCOBOM 3aMEHBI TEXHUYECKOTO
yraepona I1 514 Ha qucniepcHbBIe HATOMHUTENHN (KAOJTUH, THaTOMUTHI Mapok NDP-D-230, NDP-D-400,
MeJl TIPUPOJIHBIN U MUKPOKBapIl) Ha peoMeTpruiecKre, GU3NKO-MEXaHUYECKUE U IKCILITyaTallHOHHbIE
cBoiicTBa. [TokazaHo, 4To Oosiee MPOAOIKUTEIBFHBIM BpEMEHEM Havalla ByJKaHU3ALUU U JTyYIIHMH
TEXHOJIOIMYECKUMH CBOICTBaMU 00J1a/laeT pPEe3UHOBAsi CMECh, COZIEpIKaIlasi KAOJIMH. YCTAHOBJICHO,

YTO 3aMCHa TCXHUYCCKOTI' O yriiepoaa 11514 Ha BBIIICYKA3aHHBIC HAIIOJHUTCIIN IPUBOAUT K CHUIKCHUTIO
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Fig. 1. Change in the mass of vulcanizates after
exposure to industrial oil I-220A
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Fig. 2. Change in the mass of vulcanizates after
exposure to standard petroleum liquid SZhR-1

YCIIOBHOH MPOYHOCTH MPHU PACTSIKCHUH PE3WHBI. Pe3wHa, comeprkamias KaojduH, 00llajjacT HAMITyd-
[IMMH SKCIUTYyaTal[MOHHBIMHU CBOMCTBaMH, BHICOKOW CTOHKOCTBHIO K TEPMOOKHCICHHUIO M CTAOUIBHO-
CTBIO K JIEUCTBUIO YTJIEBOJOPOIOB, UTO MO3BOJISET PEKOMEHA0BATH €€ JJIs1 U3rOTOBJICHUSI POKJIAJIOK,

YIUIOTHUTEJCH U APYTUX JeTalei A1k aBTOMOOHIILHOM TPOMBILIIEHHOCTH.

Konduukr nnrepecos

ABTOpBI 3asBISIOT 00 OTCYTCTBUU KOH(DIMKTA HHTEPECOB, TPEOYIOMEro PACKPHITHS B JaHHOH

CTaThEC.
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Abstract. This paper describes the results of a study of the physicochemical properties of hydrochars
obtained by hydrothermal carbonization of aspen and pine bark at temperatures of 180 and 230 °C.
Chemical analysis revealed that at 230 °C, almost complete destruction of hemicelluloses and cellulose
in the bark occurs, and the resulting hydrochars consist primarily of pseudolignin. It was shown, that
regardless of the production temperature, aspen bark hydrochars contain less pseudolignin than pine
bark hydrochars. A comparison of thermal analysis data revealed greater thermal stability of pine bark
hydrochars. SEM study revealed the presence of carbon-containing microspheres on the surface of the
hydrochars, the amount of which increases with increasing hydrothermal carbonization temperature
from 180 to 230 °C. Pine bark hydrochars are characterized by smaller microspheres compared to
aspen bark samples. The methylene blue sorption capacity of aspen and pine bark hydrochars was
69.7-115.2 mg/g, which is lower than the values established for clarifying charcoals. Based on their
high Pb** sorption capacity (81.9-100.6 mg/g), aspen and pine bark hydrochars are promising sorbents

for water purification from heavy metals.
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CBoiicTBa rUAPOYIJIei, 0JIYYEeHHBIX THAPOTEPMAILHOM

KapOoHHU3aHeil KOPbl OCHHBI M COCHBI

E.B. Benpukosa®, M. 1O. Beaam?,

SI.A- Arees?, A. M. Ku:kaes?, b. H. Kysnenop®

“Uncmumym xumuu u xumuyeckou mexuvonoeuu CO PAH

QU] «Kpacnoapckui nayunvii yeump CO PAH»

Poccuiickaa ®eodepayus, Kpacnosapck

*Cubupckuii pedepanvhbiii ynusepcumem

Poccuiickaa ®eodepayus, Kpacnosapck

AHHOTanusi. B pabore mpuBeneHbl pe3yibTaThl MCCIENOBAHUS (U3MKO-XUMHUYECKHX CBOM-

CTB THIpPOYIJIEH, BIEPBbIC MONTYYEHHBIX THAPOTEPMAIbHON KapOOHU3alMell KOPbl OCHHBI M KOPBI
cocHbl npu temneparype 180 m 230 °C. MeTogoM XMMHMUYECKOrO aHAaW3a BBISIBIEHO, YTO IpU
temmeparype 230 °C mpouCXOAUT MPAKTUUECKHU MOJHAS JECTPYKIUS TeMULIEIIIION03 U LHEJUTION036I
JIPEBECHON KOpBI, W IOJy4YEHHBIC THAPOYITH COCTOAT NPEUMYIIECTBEHHO M3 IICEBIOJUTHUHA.
[Toka3aHo, 4TO HE3aBUCHMO OT TEMIEpaTyphl IOJYHYCHUS T'MAPOYIIH U3 KOPbl OCHHBI COIEprKatr
MEHbIIIE TICEBJOJIMTHUHA TI0 CPABHEHHUIO C THIPOYIIISIMU M3 KOPBI COCHBI. B pe3ynbrate cpaBHEHHS
JAaHHBIX TEPMHYECKOIO aHaJiM3a BBIABICHA OOJblas TEPMOYCTOWYMBOCTH THAPOYTIICH M3 KOPBI
cocHbl. MeTogoMm COM BBISIBIIEHO MPHUCYTCTBUE HA MMOBEPXHOCTH THAPOYTIICH yIIIEpOACOAepKAIINX
MHKpocdep, KOIMUECTBO KOTOPBIX YBEIMYMBAETCS IIPU MOBBILICHUH TEMIIEPATy Pbl THAPOTEPMaIbHOM
kapoormzanuu ot 180 mo 230 °C. Ins ruapoyriieil n3 Kopsl COCHBI XapaKTepeH MEHBLIMH pa3smep
MHKpocdep B CpaBHEHHH ¢ 00pa3laMu U3 KOpbl OCUHBL. COpOLHMOHHAS €MKOCTh [0 METHJICHOBOMY
CHHEMY THIPOYTJIeH W3 KOPBI OCHHBI U COCHBI cocTaBisier oT 69,7 mo 1152 Mr/r, yto Hmke
MoKa3aTesel, YCTAaHOBJICHHBIX JJISI OCBETIAIONIUX ApeBecHbIX yriel. ITo BennunHe copOIMOHHON
€MKOCTH B oTHOIIEHUH Pb>* (o1 81,9 10 100,6 MI/T) rMAPOYTIM U3 KOPHI OCHHBI M COCHBI IIPEBOCXOIAT
HEKOTOpbIE KOMMEPUYECKHE YIJICPOAHbIE COPOCHTHI M MOTYT HCIOJIB30BATHCS Il OYMCTKU BOJBI

OT TSAKCJIBIX METAJIJIOB.

KuaroueBble cioBa: KOpa OCUHBI, KOpa COCHBL, THAPOTEPMAJIbHAA I(ap6OHI/I?>aL[I/I$[, ruapoyroiib, CBOIi-

CTBa, CTpPOEHUE, COPOIIHS, METUIICHOBBI CHHUI, CBUHEII.
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BuaaroaxapuocTu. Pabora BeIloTHEHa B paMKaX TOCYJapCTBEHHOIO 3a1aHusi HCTUTYyTa XUMUHU
u xumuaeckolt Texaonorun CO PAH, ®ULL KHII CO PAH (mpoextr FWES-2026—-0010) ¢ rcrionbp30BaHAEM
obopymoBanust KpacHOSIPCKOTo pernoHaabHOrO HEHTpa KOJIeKTHBHOTo nosib3oBanust GUI] KHIT CO PAH.

Luruposanue: Benpukosa E.B., benam M. IO., Arees 1. U., XKuxaes A. M., Kysunenos b. H. CoiicTBa ruipoyriiei, nonyueHHbIX
TUAPOTEPMATILHON KapOOHU3aHei KOpbl OCHHEI M cocHBL. JKypH. Cub. dpenep. yu-ta. Xumus, 2026, 19(3). C. 603-615. EDN:
CBWXAE

BBenenue

I'maporepmanbhas kapoonnzanus (I'TK) — aTo mepcnekTHBHBIN Iponecc TMIpOTepPMaIbHOTO
npeoOpa3oBaHms OMOMACChI B TBEP/IbII IIPOAYKT C BBICOKUM COJIEPIKAaHUEM YTIiIepoa (THApoyrois). Dta
TEXHOJIOT U, BIIEPBbIE OMUCaHHast HeMeUKUM yueHbIM @puapuxom bepruycom B 1913 roay, ¢ yuerom
HAKOIUUIGHHOT'O OIbITa MPHUBJICKAET MOBBIIICHHOE BHUMaHHE KaK 3()(EeKTUBHBIM METOJ YTHUIH3AINH
OpPraHUYECKHUX OTXOJIOB C MOJIYUYeHHEM BOCTpeOoBaHHBIX ponyKToB. [Iponecc I'TK npotekaer npu
yMepeHHbIX TeMneparypax (180250 °C) u naBiaeHun, mpeBbIIIAIONIEM JaBICHNE HACHIIIIEHHBIX TapOB
Bonbl (2—5 MIla). KiroueBoe mpeumymiectBo I'TK — BO3MOXKHOCTE mepepabOTKU PacTHTEIHLHOTO
CBIPBSI C BBICOKOH BIIaKHOCTBIO (0 85 %) 0e3 mpeaBapuTeabHON 3HEprosarparHoil cyuiku. Cpenu
nocrouHcTB mporecca ['TK ormeuator cnenyromee: 1) Bbicokas yriepogHas 3GQEeKTHBHOCTb —
YTIIEPOJ HCXOAHOTO CHIPhs B OCHOBHOM COXPAHSIETCSI B KOHEUHOM IPOAYKTE, MUHUMHU3HUPYS BBIOPOCHI
CO,; 2) 5K30TEpPMHYHOCTH IIPOTEKAIOUNINX PEaKUHUH — IIPOLECC CONMPOBOXKIAETCS BbBIACICHUEM
SHEePruy; 3) BOZMOKHOCTh U3BJICUEHHUS JOTONHUTEIbHBIX [IEHHBIX KOMIIOHEHTOB — HAaIllpIMep, COMU
¢dochopa u kanus, comepaiirecs B OomMacce, MepexosiT B pacTBOP U MOT'YT OBITh BBIJICJICHBI IS
JlaJIbHEHIIIETO UCTIONIB30BaHUS B KauecTBe yaoopenuit [1-3].

[Tpn ocymectBnennn npoueccos I TK 6nomaccel mpoTekaeT psiji MOCIEA0BATEIbHBIX XUMHUYE-
CKHX IpeBpamieHni. Lleniono3a n reMHIenIi0103a BHa4alle MOABEPraroTCs THAPOIN3Y ¢ 00pa3oBa-
HUEM OJIMTOMEPOB 1 MOHOMEPOB, B TO BpeMsl KaK JINTHUH, KaK IIPAaBUJIO0, COXPAHSIET CBOIO CTPYKTYPY.
Ha nmocnenyromux cTagusax NPOUCXOAAT AeTUApaTalysl, KOHICHCAUS U TOIHMMEPU3aLHs TTPOMEKY-
TOYHBIX MPOIYKTOB, YTO MPUBOAUT K (POPMUPOBAHHIO CTPYKTYpPHUPOBAHHOTO yTIEPOAHOTO MAaTEPH-
ana [4, 5]. Ha ckopocts u Hanpasienue peakuuit mpu ['TK 3HaunTENbHOE BIUSIHUE OKA3BIBAIOT TEM-
repaTypa, BpeMs BBIIICPXKKH, HCXOIHBIH cOCTaB OMOMACChl M HAJIMYUE KaTallu3aTOPOB. AKTHBHBIMHU
HAIPaBJICHUSIMU HUCCIIENIOBAHUHN SBIISIOTCS ONTHMU3ALNS IAPAMETPOB TOrO Ipoliecca, pa3paboTka
KMHETHYECKUX MOJIEJIeH, N3yUeHHEe BIMUSHUS COCTaBA CHIPhS M J00ABOK — KAaTaJIM3aTOPOB, a TAKXKE
MOMCK HOBBIX, OoJiee 3pPeKTUBHBIX crioco00B npumeHenust npoaykros I' TK [6—8].

I'mapoyrnu (I'Y) HaxXoAsIT IPpUMEHEHHE B KAUECTBE TBEPIOTO TOILINBA, MOAJIOKEK JIJIs KaTaau3a-
TOPOB, COPOSHTOB JIJIsi OYMCTKH BOJIBI M BO3/1yXa, B CEIbCKOM XO3SIMCTBE — JUJIsl YIYUIICHHUs] CBOMCTB
mouBHI [ 1, 4, 9]. Takke THAPOYTITN MOTYT MIPHMEHSITHCS B Ka4eCTBE OCHOBBI Pa3HOOOPa3HBIX (PYHKITH-
OHaNbHBIX MaTepuaios [10, 11].

O030p JnuTepaTypsl MOKa3aj, 9TO THAPOTepMabHas KapOOHM3AaUMs MPUMEHSETCS ISl Tepe-
pabOTKH Pa3InYHOrO PACTHTEIBHOrO ChIPhbs. 3HAYUTENbHBIH HHTEPEC MPEACTABISIeT nepepadboTka
MeTonoM I'TK MHOIOTOHHAXXHBIX JIPEBECHBIX M CEIBCKOXO3SHCTBEHHBIX 0TX010B. [lepcrneKTHBHBIM
BUJIOM CBIPbS JUJISL MOJYYSHMsI THAPOYIIIEH SIBISIOTCS OTXO/bI JIPEBECHOM KOPbBI, 00pasyromuecs

B OOJIBIINX KOJMYECTBAX IPHU NPOMBIIUIEHHOH nepepaboTke npesecuubl. K Hanbosee pacnpocTpa-
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HEHHBIM MOPOJaM JIEPEBbEB HAa TEPPUTOPHHU Poccuu 0THOCATCS COCHA, TIUCTBEHHUIIA M OCHHA. AKTY-
aJIbHBIM HANPABIEHUEM HCCIEI0BAHUI SBISETCS UCHIOIB30BAaHUE MTpOLEcca THAPOTEPMAIbHON Kap-
OOHM3AIMH 11 IepepadOTKH HOBBIX BUJIOB PACTHTEIBHOTO ChIPbS — APEBECHON KOPBI.

[enbto HacTosMIEH PabOTHI CTAJIO YCTAHOBJICHHE COCTaBa, CTPYKTYPBI M CBOMCTB THIIPOYTJICH,
BIIEPBbIC MOJYUYCHHBIX THAPOTEPMAJIbHON KapOOHM3alMeil KOpPbI OCHHBI M KOPBI COCHBI IpH

temmeparypax 180 u 230 °C.

JKcHepuMeHTAIbHAS YacTh

B kauecTBe CBIpBS AJA MOTYYECHUS THAPOYTICH HCHOIB30BaIN BO3AYLIHO-CyXHE KOPY OCHHBI
(BnasxHOCTH 5,2 %) 1 KOpy COCHBI (BIaKHOCTB 6,7 %). JIpeBecHyI0 KOpYy M3MeIbyald Ha POTOPHO-

HokeBol MenbHUIE PM-120 (Poccus) 1o pasmepoB 4acTuil < 3 MM.

Tuopomepmanvnas kapoonuzayus (I'TK) kopel ocuHbl u Kopvl COCHbL

I'maporepmanbHyl0 KapOOHHM3AIMIO OCYHIECTBISIM B aBTOokjiaBe Rexo Engineering Inc.
(Peciyoniuka Kopest) ¢ oobemom peaktopa 3 i1 npu gasieHun 10—11 MIla 0e3 mepeMeninBaHus.
B aBtoknaB 3arpyxanu 100 r BO3AYIIHO-CYyXOH HM3MENBUYEHHOM KOPBI OCUHBI WJIU KOPBI COCHBI,
nobasisiin 1000 M1 AUCTHIIMPOBAHHOM BOJBI M OCTABJSJIM HA HOYb. Ilepen HarpeBOM peakTopa
€ro IpoJyBaIH ra3000pa3HbIM a30TOM /IS BRITECHEHHS BO3JlyXa U 3aTe€M CO3[aBajid HEOOXOAMMOE
n30BITOYHOE MaBjicHHE B peakTope (4 MIla wiu 6 MITa). [l mpoBeneHus mporecca riaApoTepMaibHON
00paboTKM aBTOKJIAB HarpeBanu a0 paboueit Temmepatypsl (180 mmm 230 °C) co CKOpOCTBIO
2 °C-mun’'. CMech BBIAEPKMBAIU TPU KOHEYHON TEMIIEpPAType B TE€YEHHE 6 9acoB, OXJIAXKIaJIH
JO KOMHATHOM TeMmmepaTrypbl M 3aTeM OT(HIBTPOBBIBAIN I10J BaKyyMOM. TBepiblii OCTaTok
(rupoyTOoIib) MPOMBIBAJIM Ha BOpOHKE bBroxHepa ¢ JBOMHBIM 00€330JIeHHBIM (DUIBTPOM “‘CHHSS
aenta” (TY 6—-09-1678-95) nuctuinnupoBaHHON BOJOH (3 1) M 3aTeM CYIIWIIM B CYIIMJIBHOM IIKady
C IPUHYAUTEIFHON BEHTHIISAIMEH Ha MPOTUBHE U3 HepkaBetomieh ctanu npu (50+5) °C B Teuenue 12
4acoB JI0 TOCTOSTHHOW Macchl. OOpasisl rUAPOYTIeH U3 KOPBl OCHHEL, TosydeHHble pu 180 n 230 °C,
o6o3nauens! kak ['Y-KO1 u I'Y-KO2, a ruapoyrnu u3 kopsl cocHbl — ['Y-KC1 n I'Y-KC2.

Memoowvl ananuza ucxoOHo20 Colpbsi U NOLYYEHHBIX 2UOPOYeaell

DJIEMEHTHBIH COCTaB UCXOHON KOPBI ¥ THIPOYTIIEH ONpPeelIsyiv ¢ TIOMOIIBIO SJIEMEHTHOT' O aHa-
nu3aropa «Vario EL Cube» Elementar (I'epmanus). OnpeneneHue XAMUYSCKOr0 COCTaBa MPOBOIAMIIN
110 CTaHJapTHBIM MeToauKam [12].

Peructparnusa MK-criekTpoB HCXomHONW KOpBlI M 00pa3loB THAPOYTIEH BBIMOJIHEHA METOIOM
HIIBO c ucnonszoBannem UK-®ypre cnekrpomerpa [IRTracer 100 (Shimadzu, SAAnonwus). Matepnpe-
TaLMIO MMOJYYCHHBIX CIICKTPOB MPOBOIMIIN COrsIacHO padore [13].

Tepmuuecknii ananmu3 oOpa3oB TUAPOYTIEH MPOBEAEH ¢ MCIOJIb30BaHUEM npubopa Netzsch
«STA 449 F1 Jupiter» (I'epmanus) B cpene aprona. Ckopocth Harpesa 10 900 °C cocrapisiia
10 °C-mun!. OOpaboTKy pe3ylabTaToB U3MEPEHHN IPOBOIAMIM C MOMONIBIO IMAKETA MPOrPaMm
«NETZSCH. Proteus Thermal Analysis 5.0.1».

Mopdonoruro ruapoyTiaei H3ydaar METOIOM CKaHUPYIOIIEH AIIEKTPOHHON MUKPOCKOIINH C UC-
M0JIb30BaHueEM 3J1eKTpoHHOro Mukpockona Hitachi «SEM TM-4000 PLUS» (SImonust) (yckopsitoriee

Hanpspkenne 20 kB, n300paskeHust MoiydeHsl B 00paTHO OTPa’KEHHBIX MIEKTPOHAX) CO BCTPOCHHBIM
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9HEProJUCIIEPCUOHHBIM crieKTpoMeTpoM «Bruker». Busyanuzanuo 6a3bl JaHHBIX U U3BJICYEHHUE JIO-
KaJIBHBIX CIIEKTPOB MPOBOAIIHN ¢ omotibto odecrieuennst QUANTAX-70.

W3MmepeHuss yaenbHOM MOBEPXHOCTH OOpa3loB THUAPOYTIEH NPOBOAMIIA OJHOTOUYEUHBIM
meromom BOT [14] mo agcopbuuu azota mpu —196 °C mpu oTHOcHuTeTbHOM naBicHuu P/Py = 0,2
¢ ucronb3oBanueM a"anuzaropa KCOPBTOMETP M» (Poccus).

CopOuMOHHYI0 aKTUBHOCTH 00Pa3loB IUAPOYTIEH B OTHOMEHUH MeTuiaeHoBoro cuaero (MC)
onpeaensanu no meroauke 'OCTa 445374 (Yronb akTUBUPOBAHHBII OCBETISIOMINHI IPEBECHBIHN TO-
POIIKOOOPA3HBI).

Jlst yeraHOBJIeHU ST COPOLMOHHOM aKTUBHOCTH 00pa3LoB I'HIPOYTIIEi B OTHOICHNH CBUHIIA HC-
ITOJTE30BAJIA MOJICIIBHBIN BOIHEIN pacTBOpP HUTpaTa CBHHIA co 3HaueHHeM pH=5,64. Jlo TpeOyemoro
snauenust pH noBoaumnu ¢ nomompio 0,05 1 cepHOl KucaoTel. Mcxonnas konuenTpanus Pb** cocras-
nsma 150,0 mr/m. HaBecka oOpasma runpoyris coctaBmia 0,050+0,001 1, 00beM MOmETBHOTO pac-
tBOpa — 50 Mmi. [Ipouecc copOuMM OCYIIECTBISIIM IPU KOMHATHOW TEMIIEpaType B CTallHOHAPHBIX
YCIOBUSIX MIPH TEPHOAUYECKOM NepeMeninBannu B teuenue 24 4. Konnenrpanuio Pb?* B pacteope
JI0 U 10CJIe COPOIIMH OIPEACISUIM METOJJOM aTOMHOIT aOCOpPOLIMH ¢ HCIOJIb30BAaHHEM CIHEKTPOMETpa
«Analyst 400» PerkinElmer Inc. (CILIA). Pe3ynbraTs! onpenesneHust coponnonHoi emkoctu nmo MC
W CBUHILY IpeacTaBieHsl B Buae X + AX, rae X — cpelHee IByX MapalliedbHbIX onpeneineHui, AX —

OTKJIOHCHUC OT CPCAHCTO 3HAUCHU A.

Pe3yabTaThbl U 00CyKACHUS

Cocmas u cmpoernue zudpoyeﬂezi, NOJIYYEHHbIX U3 KOPbl OCUHbL U KOPbl COCHbl

[oseimenune temneparypsl npouecca I'TK kopsl ocunst u cocsl ot 180 no 230 °C npuBoaut
K YMEHBIIICHUIO BBIX0/1a THAPOYTIIS BCIACACTBUE ACTPAALINN OPraHUIECKOI MacChl HCXOAHOTO CHIPBS.
HesaBucnmo ot temmeparypsl 00paboTku, BeIxoabl ['Y n3 kopsl cocHbl BbilIe Ha 24,5 % (180 °C)
u 19,8 % (230 °C) o cpaBHeHHUIO ¢ BhIXxomaMu 'Y u3 Kopbl ocHHBI (Tabu. 1), 9TO CBUIETENBCTBYET
0 MEHbILIEH KOHBEPCUU KOMIIOHEHTOB KOpbI cocHbI B mpouecce I'TK.

DneMeHTHBIN cocTaB 00pa3ioB I'Y 3aBHCHT OT TemmnepaTypsl UX noiaydeHus. C MOBBIIICHHEM
temneparypsl I'TK kopel ocunsl u cocHbl oT 180 no 230 °C coxepikaHue yriiepoaa B MOITYUYEHHBIX
I'Y Bospacraet Ha 6,61 u 6,38 oTH. % cooTBeTcTBeHHO. [Ipn 3TOM comepkanue kuciopoaa B I'Y
13 KOpbl OCUHBI U COCHBI CHM>KaeTcs Ha 6,53 u 6,21 otH. %, a conepxkanue Bogopoaa — Ha 0,05 u 0,28
oTH. % cooTBeTcTBeHHO. OTMEUCHO, YTO ¢ moBbilieHreM Temrepatypsl I TK B cocTaBe obpasmos I'Y
13 KOPBI OCHHBI YBEIMUNBACTCS COJICPKAHNE a30Ta 110 CPABHEHHUIO C MCXOIHBIM ChIPHEM, B OTIHYNE
ot 00pa3uoB ['Y u3 kopel cocHbl. Takum 00pa3oM, MO CoJIEPKAHUIO YTIIEPO/ia, KUCIOPOAa U BOAOPO/Ia
o6pasusl ['Y, monydeHHbIe PH OAMHAKOBBIX YCIOBHSIX M3 PAa3JIMYHBIX BHJOB KOPbI, OTIMYAIOTCS
MaJjio — He Oosiee ueM Ha 3 oTH. %. (Tabu. 1). ComocTaBiieHUE JAHHBIX SJIEMEHTHOI'O COCTaBa 00pa3IoB
I'Y nosBonser chenarb ONpeeliCHHbIE BBIBOABI O MEXaHH3ME JIeTpajlallii OpraHMYecKOH Macchl
kopslI B mportecce ['TK.

[oseimenue Temnepatypsl npouecca I'TK xopst ot 180 1o 230 °C npuBOAUT K CYIIECTBEHHBIM
M3MEHEHHSM XHUMUYECKOro cocTaBa Truapoyriei. He3zaBucmmo OT mpHpOIbI MCXOZHOTO CHIPBA,
LEeJIJTI0N03a M TeMHULEIIIIONO03bl TOJIHOCTEI0 THponu3ytoTest npu temmeparype 230 °C. Obpasen
ruapoyris I'Y-KC2, momy4enssiii u3 xopsl cocHbl npu 230 °C, cOCTOUT W3 JTUTHHUHOIOJOOHBIX

CTPYKTYp, TaK Ha3bIBACMOI'0 INCCBAOJMWIHUHA. FI/II[pOYFJ'II/I U3 KOpPbI OCHHBI IO COACPIKAHHIO
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Ta6nuua 1. Berxoa U 37€eMEHTHBIN COCTaB 00pa3ioB IUAPOYIIICH, MOTYUCHHBIX MPH PA3IMYHON TEeMIeparype
THAPOTEPMATbHON KapOOHU3AIIUU KOPBI OCHHBI i KOPbI COCHBI

Table 1. Yield and elemental composition of hydrochar samples obtained at different temperatures during of aspen
bark and pine bark hydrothermal carbonization

OGpasen Teh;??’afgpa Boixox, mac. % . SHSMeHTHLII/I I(jIOCTaB, OT};.I % -
Kopa ocunst - - 48,54 44,80 6,16 0,42 0,08
I'Y-KO1 180 54,1 56,32 37,04 5,96 0,54 0,14
I'V-KO2 230 474 62,93 30,51 591 0,61 0,04
Kopa cocubt - - 50,67 42,99 5,81 0,48 0,05
I'V-KC1 180 78,6 58,20 36,1 5,35 0,34 0,01
I'y-KC2 230 67,2 64,58 29,89 5,07 0,42 0,04

Tpumevanne. I'Y-KO u I'V-KC — ruapoyriu u3 Kopsl OCHHBI U COCHBI COOTBETCTBEHHO.

Tabnuua 2. XuMHUECKH COCTAB UCXOIHBIX KOPbI OCHHBI, KOPBI COCHBI U 00pa31ioB TUAPOYTIICH, TOJyYeHHbIX
IIPU PA3IMYHON TeMIepaType ruIpoTepMalbHON KapOOHU3aLUH

Table 2. Chemical composition of the original aspen bark, pine bark and hydrochar samples obtained at different
hydrothermal carbonization temperatures

Conepxanue, mac. %
Temneparypa I'TK,
Obpasen oC Jluraun/
Ienmronoza T'emunienron03s1
MCEBAOJUTHUH
Kopa ocunsr - 16,7 19,4 30,6
I'V-KO1 180 19,9 4,1 57,8
I'V-KO2 230 OTCYTCTBYET OTCYTCTBYET 73,7
Kopa cocHbr - 15,1 9,6 54,3
I'V-KC1 180 16,6 2.4 75,5
I'V-KC2 230 OTCYTCTBYET OTCYTCTBYET 91,7

Tpumevanne. I'Y-KO u I'V-KC — ruapoyriu u3 Kopsl OCHHBI U COCHBI COOTBETCTBEHHO.

TICEBJIOJIUTHUHA yCTYTAIOT THAPOYTIISIM U3 KOPBI COCHBI, HE3aBUCUMO OT TEMIIEPATYPhI ITOJTyYE€HHUSI.
I'mapoyrons I'V-KO1 comepxut 60sblie 0CTaTOYHBIX FEMHIIEIUIIION03 U LEJITI0JI03b], Y4eM THAPOYTOJIb
I'V-KC1 (tabm. 2).

CpaBuenne UK-cniekTpoB 00pa3iioB HCXOIHON KOPBI OCHHBI U TUAPOYTIIEH Ha €€ OCHOBE I0Ka3alo,
4TO HaKMOOJIbILEE yBEITMYEHNE MHTEHCUBHOCTH MOTJIoIEH s B 06mactu 3000-3500 cM™! xapakTepHO 115t
o0pasia ruapoy s, mosydeHHoro npu remmeparype 230 °C (puc. 1). [Tornomienue B 1aHHOM 00s1acTH
00YCIJIOBJICHO BaJICHTHBIMU KOJICOAHUSIMU T'HAPOKCHIIBHBIX rpynn U N-H-rpynn azorcomepxkammx
KOMIOHeHTOB. ConepkaHue MOCASIHUX B JaHHOM oOpasie 'Y 6osibiie, 0 CPaBHEHHIO C HCXOIHON
kopoii u ['Y, 1moaydeHHbIM NIpH MEHBLIEH TeMIlepaType, BCIEACTBHE OOJBIIETO COACP)KAHUS B HEM
azoTta (radu. 1). [lo MHTEHCHBHOCTH TIOIJIOIIEHUSI B BbIlIeyKa3aHHOU oOnacT 'Y, mony4YeHHbli npu
180 °C, cpaBHUM C HCXOJHOW KOPOH OCHHBI.

Jnst o06pa3noB THAPOYyTIEH M3 KOPbI OCHHBI XapaKTEPHO yBEIWYEHHE MHTEHCHBHOCTH IIOJIOC

norsomenus (i) mpu 2920 u 2850 cm! (Banentubie konebanus —CH; u —CH,-rpymmn). C noBbleHnem
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i —— Kopa ocuHbl _ —— Kopa cocHbl
——TY-KO1,180°C —TYy-KC1, 180 °C
1 ——1Y-KO2,230°C ——TY-KC2, 230 °C

MornolyeHne, oTH. ea.
MornoLleHwve, oTH. eq.

T T T T T T 1 T T T T T T
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1f00 1000 5
BonHoBoe uuncro, e’ BonHoBoe uucrno, cm’

Puc. 1. HK-cmextpsl o00pa3moB kopbl ocuHbl  Puc. 2. UK-cmekTpsl 00pas3moB KOpbI  COCHBI

W THAPOYIJIEH, nony4ennbix npu 180 u 230 °C W THAPOYTIIEH, noay4eHnbix npu 180 u 230 °C

Fig. 1. IR spectra of aspen bark samples and hydrochars,  Fig. 2. IR spectra of pine bark samples and hydrochars,
obtained at 180 °C and 230 °C obtained at 180 °C and 230 °C

temmneparypsl [ TK o1 180 1230 °C Takske yBeIMINBAETCS MHTEHCUBHOCTH ILIL ripH 1700 cM™! (BanieHTHBIE
KoieOaHust KApOOHUIBHBIX IPYIII B (hparMeHTax ajibIerui0B, KETOHOB, KAPOOHOBBIX KUCIOT), 1601 cm!
(MUTOCKOCTHBIE KOJNIEOAHMS CONPSKEHHBIX YTJIEPONA-YTIIACPOAHBIX W YTJIEPOA-KHUCIOPOAHBIX CBs3EH
B apOMAaTHYECKOM CKeJIETE U XUHOHAaX) M 1513 cm! (kosebaHus apoMaTHYecKoro Koubla) (puc. 1).

l'unporepmanbHas KapOOHU3ALNS KOPBI OCHHBI TAK)KE TPUBOAUT K CYIIIECTBEHHOMY H3MEHEHHIO
CIIEKTPalbHOM KapTuHbI B ob6nactu noriomenus 12001020 cm!. B wactnoctu, B UK-cnekTpax ru-
JPOYTIIEH MOSBIAIOTCS UHTEHCHBHBIE LI ripu 1056, 1106 u 1160 cM™!, xapakTepusyromue BajJeHT-
Hble Kosebanus cBsizn C-O ciMpTOBBIX I'PYII PAa3HOW cTerneHu 3amenieHus. [lornomenue B 1aHHOH
00acTH MOXKET OBITh TakXe 00yCIOBJIEHO BaleHTHBIMH KonebaHusMu C-O-C B cocTaBe MPOCTHIX
1 CIOXHBIX 3¢UpoB. [Ipy MOBBIIEHNN TeMIIEPaTyphl NOIXYUYESHUS THIPOYTIEH MHTEHCHBHOCTD ILII.
npu 1106 u 1160 cm™! yBennuusaercs (puc. 1).

Wzmenenuss B MK-cnekrpax Tuapoyrieil M3 KOpbl COCHBI OTJIMYAIOTCS OT HAOIIOIaeMbIX
B ciayuae ['Y u3 kopbl ocunbl. J{is obpasua I'Y, nonaydennoro npu 180 °C, HaOiromaeTCsi CHUKECHUE
HMHTEHCHBHOCTH XapaKTEPUCTUYECKHX I10JI0C MOIJIomEeH s B obnactu 3500—1150 cm™!. Hckmouennem
SABJIAETCSA TOTJIONIEHHE KapOOHWIbHBIX rpynm (1692 cm!), MakcMMyM 5TOi MONOCHI CMENIAETCS
B HHM3KOBOJIHOBYIO OOJIACTh IO CPaBHEHHUIO ¢ MCXOAHOH kopol. B MK-cmekrpe mannHoro obpasua,
B OTJIMYUE OT HCXOMHOW KOPHI, GOJNEe BBHIPAXKEHBI MHTEHCHBHBIE TMONOCH mpu 1106 u 1055 cm’!
U HabJIIOIAETCss yMEHbIIEHHE MHTEHCUBHOCTH 10J0C B o0nactu 770-880 cm! (BHENIOCKOCTHBIE
nedopmarnronnsie kosiebdanust C-H apomarnyeckux koselr). AHaJIOTMUHbIE H3MEHEHU S XapaKTEePHbI
n st I'Y 13 Kopbl OCHHBI, IOIYYEHHOTO IIPH TAKOM ke Temneparype (puc. 2).

[ToBbIIeHNe TeMIepaTy pbl MOTYUYSHUS TUAPOYTIISt U3 KOpbl cocHBI oT 180 mo 230 °C mpuBoaut
K YBEJIIMUCHHIO HHTEHCHBHOCTH XapaKTEPUCTUIECKHX IT0JIOC MOTJIOIIEHHS BO BCEH 0071acTH BOTHOBBIX
gncen. B UK-cnekrpe o6pasua I'Y-KC2 nuarencuBHOCTS nosoc mpu 1692, 1600 u 1513 cm™! Beimte, uem
y 00pasia UCXOTHOH KOPBI COCHBI (pHC. 2).

[IpoBenennsbIil ananu3 gaHHBIX MK-criekTpockonuu mokaseIBaeT, yTo Ha cocTaB I'Y oka3bIBaeT

BJIMSAHUC KAK ITpUPOJAa I/ICXO,I[HOﬁ KOPBbI, TaK U YCJIOBHA UX MOJTYUCHU .
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MeTon0M TepMOTpaBUMETPHH H3YUCHBI TEPMOXUMHUYECKHE CBOMCTBA T'UAPOYTIIEH, MOy YeHHBIX
13 KOPBI OCHHBI M KOpBI cocHBI (puc. 3). Ha kpuBbix nmorepu Maccol (TI') MOXHO BBIIENHUTH TPU
OCHOBHBIE CTQJWU TEPMOPa3NoKeHusi 00pas3noB ruapoyrieid. Ha mepsoit cramgum (28-300 °C)
MIPOUCXO/IUT y/AJICHNE BIaru U MPOJYKTOB Pa3JIOXKEHUSI TEPMUUECKH HECTAOMIIBHBIX KOMIIOHEHTOB
¢ motepeit Mmaccel 5,4-5,5 % nus ruapoyriaei u3 kopsl cocHsl B 10—12 % nus rugpoyriaei u3 Kopsl
ocunsl. Ha xpusbeix JICK ruapoyriell u3 Kopsl OCHHBI OTMEUEHBI 9HI03()(EKTH ¢ MaKCUMaJIbHOM
temneparypoir 168,3 °C (I'V-KO1) u 161,7 °C (I'Y-KO2), koTopble OTCYyTCTBYIOT B cllydyae
TepMopasznoxeHus ['Y u3 kopbl cocHsI (puc. 3).

OcHOBHasi TOTEpsl MacChl THAPOYTJIEH MPOUCXOAUT B MHTepBane temmeparyp 300-700 °C.
Ha xpussix JTI" runpoyrneil u3 Kopsl OCHHBI U COCHBI, IOJNy4eHHBIX Ipu Temnepatype 180 °C,
HaOJII0aI0TCs MHTEHCHBHBIE TUKH ITpH 367,8 °C (ckopocTs notepu Maccel 7,21 %/mun) u ipu 345,1 °C
(cxkopocTh motepu Macchl 4,33 %/MHH) COOTBETCTBEHHO (puC. 3a, B). DTH NHUKH XapaKTEPU3YIOT
pas3joKeHHe TeMHUIEIII0N03, NEJUTIONIO3bl M HaMMEHEe TEePMOYCTOWYMBBIX JMTHHUHOMOJAOOHBIX
crpykryp. Ha JICK kpuBoii oOpasna u3 KOpbl OCHHBI OTMEYeH 9HA03(D(EeKT ¢ MaKCHMyMOM IpH
408,3 °C. Ha kpuBbix JITT runpoyriei u3 KOpbl OCHHBI U COCHBI, TOTy4eHHBIX pH 230 °C, mogo06HbIe
MMAKU BBIpaXkeHHI cnabo (puc. 30, T) BeaencTBue OONbIIel TePMOCTAOMIBFHOCTH JIMTHUHOIIOMOOHBIX
CTPYKTYP IPU OTCYTCTBUH OCTATOYHBIX T€MHIIEILTIONO03 U LEJUIIONO03BI B COCTaBE TAKUX THAPOYTICH.

B unrepnane remneparyp 700—-899,8 °C mpoTekaeT passoxkeHne Haubosee TepMOyCTONIMBBIX
KOMIIOHEHTOB THAPOyTield. KOKCOBBIM OCTAaTOK YBEIWYMBAETCA C TOBBIIICHHEM TEMIIEPATYpPHI

nonydenust ruapoyrieid ot 180 mo 230 °C u cocraBusier mist oOpasnos ['Y-KO1, I'V-KO2, I'V-KC1

AT K %/mn) OTT (%)
M DICK /(uBThAr) % [LICK /(mBT/Mr)

E| . |E| h
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2 90
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‘ ’ i 6
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Puc. 3. Kpussre TT, ATT u JACK 06pa3uoB rugpoyrieil u3 Kopsl OCUHBI (2, 0) U KOpbI COCHEI (B, I): a, B —
TemIeparypa noiaydenus rugpoyriaeit 180 °C; 6, r — 230 °C

Fig. 3. TG, DTG and DSC curves of hydrochar samples from aspen bark (a, 0) and pine bark (8, r): a, 8 —hydrochar
production temperature 180 °C; 6, r — 230 °C
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u I'Y-KC2 30,2, 36,3, 41,5 u 48,6 % cOOTBETCTBEHHO. BBIX0J KOKCOBOTO OCTaTKa B pe3yJbTaTe
TEPMOJECTPYKIINH THIPOYTIIEH U3 KOPbI COCHBI CYIIECTBEHHO BhIIIE, YeM 'Y U3 KOpbI OCHHBI. DTO
CBHUJICTEIBCTBYET O OOJIBIICH TEPMOCTAOUIBHOCTH THAPOYTIICH M3 KOPbI COCHBI IO CpaBHEeHHIO ¢ ['Y
KOPBI OCHHBI.

Mopdosorust MOBEepXHOCTH M'MAPOYIIICH U3yUeHa METOIOM CKaHUPYIOMICH IEKTPOHHOM MUKPO-
ckonuy. Ha MmoBepXHOCTH MCCIEAOBAaHHBIX 00pPa3lLOB BBISBICHO NMPHCYTCTBUE YITIEPOACOACPKAIINX
chepuueckux oodpazosanuii (puc. 4). Ha nzo0pakeHuu o0pasiia ruApOyiis U3 KOPbl OCUHBI, TIOJTYYCH-
Horo rpu 180 ° C, BUIHBI HEMHOTOYHCIEHHBIE MUKpOC(heps! fuameTpoM oT 4 1o 15 mxwm. [ToBbimenne
temmnepaTypbl ' TK kopst ocunbl 10 230 ° C mpuBOAUT K yBETUUCHHUIO HA MOBEPXHOCTH THAPOYTIIS KO-
JITYECTBa MUKpocdep, Cpear KOTOPHIX peobiaatoT oopazoBanus quamerpom 5—10 Mxwm (puc. 4a, 0).

JIst TUAPOYTIIS, TOJyYeHHOTO U3 KOopbl cocHBI TIpH 180 © C, XapakTepHO MPHUCYTCTBUE HA €TO TO-
BEPXHOCTH MEIKNX MHKpocdep pazmMepom 1-2,5 MKM, KOTOpBIE OTCYTCTBYIOT B cilydae obpasua ['Y
13 KOpbl OcHHBL. [[oBBINIIEHNE TEMTIEPATYPhI TOTYUYEHUS THAPOYTIISI U3 KOpbI cocHBI 710 230 ° C mpuBo-
JIUT HE TOJIBKO K YBEIHMUCHHIO KOJIMYECTBA MUKPOC(Ep Ha €ro MOBEPXHOCTH, HO U K UX YKPYITHEHHIO
10 3—4 MM (puc. 48, 1).

W3BecTHO, 4TO yriaepozacoiepkaiiie MUKpochepsl Ha MOBEPXHOCTH THAPOYTIIEH oOpa3yroTcs

B pe3yJbTaTe THAPOTEpMaIbHON KapOOHHU3AIMU caxapoB U mojancaxapuaoB. [loBblmenne Temnepa-

20kV 8.9mm x1.00k BSE L 50.0um

o
50.0um

Puc. 4. COM-u306paxeHust 00pa3oB ruApoyIiieii 13 KOpbl OCHHBI (2, 0) U KOPBI COCHBI (B, I): , B — TeMIIepaTypa
nosnydenus ruapoyriei 180 °C; 6, r — 230 “C

Fig. 4. SEM images of hydrochar samples from aspen bark (a, 6) and pine bark (8, 1): a, B — hydrochar production
temperature 180 °C; 6, T — 230 °C
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TYpBbI IIpoLiecca MHTEHCU(DUITUPYET FUAPOITH3 TEMHULIEILITION03, LIEJUII0I03bI U TOCIIE Y IOy F0 KOH/ICH-
caruio 00pa30BaBIIUXCs HU3KOMOJICKYIISIPHBIX COSIMHEHUN. B pesynpraTe yBennunBaeTcs KOIHIe-

cTBO MHKpoc(hep Ha MOBEPXHOCTH rUaApoyre [8, 9].

Copbyuonnvie ceoticmea 2udpoyaieil U3 Kopbl OCUHbL U KOPbl COCHbI

I'unpoyriau u3 KOpsl OCHHBL X KOPBI COCHBI MPEICTABIIOT cO00I MaTepHualibl co cabo pa3Bu-
TOH MOPUCTOH CTPYKTYPOH — BEIMUMUHBI YIeIbHOM oBepxHOCcTH 10 BAT cocrasnstor st Hux 0,8—
2,7 M?/r. OfHAaKO HAJIMYKE HA MX MOBEPXHOCTH KHUCIOPOACOACPKAMMX (YyHKIIMOHATIBHBIX TPYIIIL,
CHOCOOHBIX K KATHOHHOMY OOMEHY, MOBBIIIAET UX COPOIIMOHHYIO aKTUBHOCTh B OTHOILIEHUH KaTH-
OHHBIX KpacHuTelNeH 1 TSKEIbIX MEeTAJUIOB. M3BeCcTHO, YTO HAIMUNE TaKUX (PyHKIMOHAJIBHBIX TPYIIIT
orpeiessieT COPOLMOHHYI0 €MKOCTh TMJPOYTJeH MPH M3BICUYEHUU U3 BOJHBIX PACTBOPOB MOHOB
KaaMus, Meau, ceuHna [15—17]. B pabore [17] yctanoBneno yuactue rpynn C=0 u O-C=0 B npo-
necce copbumu Pb*' ruapOyrisMM, MOJTYYEHHBIME THAPOTEPMANbLHONW KapOOHM3alMEl MKypPOK
OanaHa. Takue THAPOYTIU XapaKTEPU3YIOTCS BHICOKOW COPOIMOHHON eMKOocThio — 193 1 359 mr/r
COOTBETCTBEHHO.

B nanHOIll pabore It onpeneneHuss COPOIIMOHHON aKTHBHOCTH THAPOYIJICH ObLIN BBIOpaHBI
KpacuTelb MeTHJICHOBBIH cuHuil (MC, mpuMeHseTCs 11 ONpPEAeTICHIS CBOWCTB OCBETIISIOIUX Ape-
BECHBIX aKTHBHPOBAHHBIX YITIeil) 1 HOHBI Pb?', 3a/1aue OUHUCTKH BOJBI OT KOTOPOIO yIENSeTCs OONb-

nroe BHUMaHue. JJaHHbIC 110 COPOIIMOHHON aKTUBHOCTH THAPOYTIICH MPEACTaBICHbI B Ta0. 3

Tabnuna 3. CopOroHHast aKTUBHOCT THAPOYTIEH U3 KOPBI OCHHBI M KOPBI COCHBI

Table 3. Sorption activity of hydrochars from aspen bark and pine bark

Ob6pasern TeMnepaOT (}:/pa I'TK, Ho}g;};ﬁiﬁ?ﬁ? e Cop6uus MC, mr/r | Copbuus Pb?!, mr/r
['Y-KCI 180 °C 27 1152 +3.1 100,6 £ 5,1
[Y-KC2 230 °C 1,4 103,9+1,9 81.9+3.9
['Y-KOI 180 °C 0,8 78,4 +4.8 873+ 4.2
T'V-KO2 230 °C 1.4 69,7+39 89,2 +4,5

Ipumeuanue. I'V-KO n I'V-KC — ruapoyriu U3 Kopsl OCHHBI U COCHBI COOTBETCTBEHHO.

I'mapoyriiv M3 KOpbl COCHbI MU OCHHBI XapaKTepH3YIOTCS HU3KOH COPOIIMOHHOW aKTHBHOCTHIO
o MC, ocoOeHHO 00pas3Iibl U3 KOPBl OCHHBI, M YCTYIAIOT KOMMEPUYECKHM 00pa3laM OCBETIISIONINX
npeBecHbIX yrieit mapok OY-A u OV-b, miis KoTopbix copOuuronHast eMkocTh 1o MC noKHa COCTaB-
15Tk He MeHee 225 n 210 M1/t B cooTBeTcTBHH ¢ TpeboBanusmMu 'OCT 4453.

HauGonemyro copbuuio MC u Pb*" nemonctpupyer o6pasen I'Y-KC1 (ta6n. 3). Jlanuslii 06-
paser xapakTepusyeTcs OOJIbIIEH yAeIbHON MOBEPXHOCTHIO 0 CPAaBHEHHUIO C IPYTHMMH 00pasnamMu
TUJPOYIIICH.

CrelyeT OTMETHTb, YTO JIMTEPATYPHBIE TaHHbIE M0 copOuuu Pb?" ruapoyriisiMu U3 pasinyHo-
IO ChIpbsl BapbUPYIOTCS B IIMPOKOM Jnana3one. Hampumep, MakcumaibHas COPOIIMOHHAS €MKOCTh

runpoyris u3 Prosopis Africana shell coctarisier 45,3 Mr/r [16], 4TO CyIIECTBEHHO MEHBIIIE €MKO-
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CTH I'MJIPOYTJIeH U3 KOPbI COCHBI M OCHHBI. VIcclieoBaHHbIe B JaHHOM paboTe ruApOy I 10 copOIH-
OHHOI €eMKOCTH B OTHOIIeHHH Pb*" mpeBocxomsaT kommepueckuil yroins ¢pupmbl Chemviron Carbon
(20,3 mr/r [18]). BaykxHO OTMETHUTB, YTO B IIPOLIECCE M3BIICUSHHSI CBUHIIA U3 MOJCIBHBIX BOJHBIX pac-
TBOPOB C MPUMEHEHHEM IOJIyYEHHBIX THAPOYTICH HE OTMEUEHO U3MEHEHHE IIBETHOCTH PACTBOPOB.
Takum 00pa3oM, I'HIPOYTIIH U3 KOPbI OCUHBI U KOPBI COCHBI SIBJISIFOTCS IEPCIIEKTUBHBIMU COPOCHTAMHU

JJIA OYUCTKH BOJBI.

3ak/oueHue

Ilo pe3ymnbpraTaM HCCIEOBAHUN OMPEIENEeHO BIUSHUE IPUPOABI HCXOJHON KOPBI U TeMIlepary-
PHI IIpoliecca ee THAPOTepMaIbHON KapOOHHM3allMK Ha COCTaB, CTPOCHHE U COPOLIMOHHBIC CBOWCTBA
MOJy4EHHBIX TuApoyrieid. CpaBHEHNE XMMHYECKOr0 COCTaBa I'MAPOYIJIeH T0Ka3ajo, YTO MpaKTHIe-
CKH MOJHBIN THIPOJIN3 TEMUIIEIUTION03 U LEJITION03bl HCXOAHOW KOPBI TPOUCXOAUT MIPH TEMIIepary-
pe ruaporepmansHoi kapoonusanuu 230 “C. IlonmydyeHnble THAPOYTIIN COCTOAT MPEUMYIIECTBEHHO
n3 nceBoauranHa — 91,7 mac. % (ruapoyroib u3 KOpbl cocHbI) U 73,7 Mac. % (TMIpOyTroib U3 KOPbI
ocuHbl). OTMEYEHO, YTO TUAPOYTIN U3 KOPHI OCHHBI IT0 COAEPIKAHUIO TICEBIOIUTHIHA YCTYAIOT TH-
JPOYTJISIM M3 KOPBI COCHBI, HE3aBUCHMO OT TEMIIEPATyPhI Oy YECHHUS.

AHanu3 pe3ynapratoB MK-CcnekTpocKonmm4eckoro NCCieaoBaHus THAPOYTIICH BBISBHII TOBBIIIC-
HUE MHTEHCUBHOCTH I10JI0C TOTJIOMEHHSI KUCIOPOICOAEPKAINX (YHKIIMOHAIBHBIX TPYIII U apoMa-
TUYECKUX CTPYKTYP IPU YBEIMUYECHUN TEMIEPaTyphl THAPOTEpMaIbHON KapOoHH3auu Kopsl oT 180
110 230 °C. Tlo JaHHBIM TEPMUYECKOrO aHAJIN3A, THIPOYIJIH U3 KOPbI COCHBI XapaKTEPU3YIOTCS OOJIb-
el TepMOCTaOMIIBHOCTBIO IO CPABHEHUIO C TUIPOYTISAMH U3 KOPBI OCHHBI, HE3aBUCUMO OT TE€MIIe-
parypsl ux noxydenus. [lpu ananuze mopdosoruu oopasmnos ['Y meronom COM ycTaHOBICHO HAIH-
YHe Ha UX NOBEPXHOCTH YIIIepOJIColepKaluX MUKpochep, KOJUIECTBO U pa3Mep KOTOPBIX 3aBHCUT
OT NPHUPOJIBI KOPBI U TEMIIEpPaTypbl THAPOTEpMaIbHOH 00paboTkH. C yBEIMUCHHEM TEMIIEPATyPhI
nponecca I'TK or 180 g0 230 °C xonudecTBO MUKPOCHEP HA TIOBEPXHOCTH TMAPOYINIEH YBEIHYHU-
BAETCsl, IPUUYEM THJIPOYTIIM U3 KOPHI COCHBI COAEpKaT Oosee MeIKne MUKpochepsl o CpaBHEHHIO
C TUJIPOYTIISIMU U3 KOPHI OCUHBHI.

CopOunoHHAasE €MKOCTh IIOJIy4EHHBIX yTIJIeH 0 METHJICHOBOMY CHHEMY COCTaBisieT 69,7—
115,2 Mr/T, 9TO HUXKE TIOKa3aTeJIeH OCBETISIONIUX APEBECHBIX yIUIeH. Bricokas cOpOIIHOHHAS EMKOCTh
B orHomeHnun Pb?* (81,9—100,6 MI/r) MO3BOJISET MCIOIB30BAThH THAPOYIIIH U3 KOPbI OCHHBI U COCHBI

B Ka4C€CTBC COp6CHTOB JJI OYUCTKH BOJBI OT TAXKCJIbIX MCTAJIJIOB.
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Abstract. The paper examines the physicochemical regularities of coagulation and selective
crystallization processes in the multicomponent aqueous salt system K, Ca, Al//SO4—H,0 in order
to improve water purification efficiency and ensure the rational use of dissolved salt components.
The object of the study is the daily regulation reservoir of a water-supply station in Dushanbe, which
receives water from the derivation canal of the Varzob River. Aluminum sulfate and potassium
alum KAI(SO,), 12H,0 were used as coagulants. The density of solutions, alkalinity, transparency,
suspended solids content, and residual aluminum were determined. It was shown that increasing
the dose of a 1 % alum solution leads to a gradual decrease in water turbidity: from an initial value
of 142 mg/L to a minimum of 22 mg/L. It was established that the optimal coagulant concentration
should be selected with regard to transparency, alkalinity, and the amount of suspended particles.
The influence of temperature and the ratio of K, Ca**, and AI’* ions on phase transformations in the
system was also studied. The possibility of selectively separating gypsum CaSO42H,0 and alum
KAI(SO4),12H,0 based on their solubility differences was substantiated. The proposed approach
combines water purification with the recovery of valuable salt products and the recycling of the mother

liquor into the technological cycle.

Keywords: water purification, coagulation, aluminum sulfate, alum, aluminum ion, hydrometer, coagulant

dose, transparency, suspended solids, drinking water, selective crystallization.

© Siberian Federal University. All rights reserved
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).
*  Corresponding author E-mail address: Kholmahmad90@mail.ru

— 616 —



Journal of Siberian Federal University. Chemistry 2026 19(3): 616627

Citation: Mukhtorov P. A., Usmonov M. B, Safarali U., Kholov Kh.I. Physicochemical Study of Coagulation E'
and Selective Crystallization Processes in the Multicomponent Aqueous Salt System K, Ca, A1/SO4-H20 for
Water Purification. J. Sib. Fed. Univ. Chem., 2026, 19(3), 616—627. EDN: BISQCW

DU3MKO-XUMHUYECKOe UCCJIeIOBAHUE MPOIECCOB KOATYJISIIIMH
U U30MpaTeIbHON KPUCTAJIU3AIUU
B MHOTOKOMIIOHEHTHOM BOJJHO-COJIEBOM CHUCTEME

K, Ca, A1//SO4—H,0 ajist 04MCTKH BOAbI

I1. A. MyxTtopos, M. b. YcmoHoB,

Y. Cadapaan, X. . Xos0B

Taoorcuxckuii 2ocyoapcmeenHulll nedda2o2udecKull YyHugepcumem
um. C. Atinu

Pecnybnuxa Taoowcuxucman, [ywanbde

AnHoTanus. B pabore paccMOTpeHbI (PU3MKO-X UMHUCCKUE 3aKOHOMEPHOCTH ITPOIIECCOB KOATYIISAIIUN
1 U30MPaTENPHON KPUCTAILTH3AAN B MHOT OKOMITIOHEHTHOM BoHO-coneBoit cucteme K, Ca, Al/SO,—H,0
C LIEJIBIO MOBBIMICHUS 3()(HEKTUBHOCTH OYMCTKH BOJBI U PALIMOHAIBHOTO UCIIOJIb30BAHMSI PACTBOPCHHBIX
COJIEBBIX KOMITOHEHTOB. OOBEKTOM HCCIIEIOBAHUS BRIOpAH pe3epByap CyTOYHOTO PETYIUPOBAHUS
BopOCHa0karolIei ctanuu 1. Jlyman0e, Kyaa mocTynaeT Boja U3 ICPUBAIIMOHHOIO KaHala PeKu
Bap3006. B kadecTBe K0aryIsiHTOB UCIIOJIL30BaHbI CYIb(aT aTIOMUHUS U aTIOMIHHUCBBIC KBACIIBI
KAI(SO4),-12H,0. OnpeaeneHbl MIOTHOCTh PACTBOPOB, MICIOYHOCTbD, IPO3PAYHOCTbh, COACPKAHUE
B3BELIEHHBIX BEUIECTB U OCTAaTOYHOI0 ajatoMuHus. [lokazaHo, yto yBennueHue 103bl 1 %-ro pactBopa
KBACI[OB CITOCOOCTBYET MOCJICI0BATEIBHOMY CHUI)KEHUIO MYTHOCTH BOJIBI: IIPU UCXOHOW MYTHOCTH
142 Mr/m MEHEMaIIbHOE 3HAYEHUE COCTABUIIO 22 MI/M. YCTaHOBIICHO, YTO OIITHMAaJIbHAS KOHIICHTPAIIHS
KOAryJIsiHTa JT0JDKHA BBIOMPATHCS C YUSTOM IIPO3PAYHOCTH, IICTOYHOCTH M KOJIMYCCTBA B3BCIICHHBIX
yactrun. OJHOBPEMEHHO M3YUYEHO BIUSHHUE TeMIepaTypsl U cooTHoIeHus: nonoB K, Ca*" n AI**
Ha (ha30BbIc MpeBpalieHus B cucteme. OO0CHOBaHA BO3MOYKHOCTh CEJICKTHBHOTO BBIJICICHUS TUIICA
CaS0,42H,0 u kBacioB KAI(SO,),:12H,0 Ha 0ocHOBE pa3nu4uii X pacCTBOPUMOCTH. [IpenioxeHHBIN
MIOJIXOJT TIO3BOJISIET COUETATh OUUCTKY BOJBI C ITOJIYUYEHUEM IIEHHBIX COJIEBBIX MPOAYKTOB M BO3BPATOM

MaTO4HOro pacTtBopa B TEXHOJOTHYSCKHI ITUKIIL.

KaroueBsble c10Ba: OYNCTKA BOJBI, KOATYIAIUs, CyIb(}aT aTIOMUHHS, KBACIbl, HOH aJTIOMUHMUS,
apeoMeTp, 103a KoaryJysHTa, IPO3PavyHOCTh, B3BEIICHHBIC BEIICCTBA, IMTHEBAsI BOJA, N30HpaTebHas

Kpucrajajan3anus.

Hutuposanue: Myxrtopos I1. A., YemonoB M. b., Cadapanu V., Xonos X. M. Du3nko-xMMHUECKOE HCCICAOBAaHHE TPOIIECCOB
KOAryJIsiuu U U30MpaTebHON KPUCTAITH3AIMU B MHOT'OKOMIIOHEHTHOW BoHO-coneBoi cucteme K, Ca, Al//SO4,~H,0 nns
ouncTku Boabl. JXKypH. Cub. dpenep. yH-ta. Xumus, 2026, 19(3), 616—-627. EDN: BJISQCW
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BBenenue

OGecrieueHne HaceJIeHUs TOOPOKaYEeCTBEHHON MU THEBOM BOIOH, Haps Ly ¢ 3(dEeKTHBHON 00padoT-
KO BOJI, UCTIOJIb3YEMBIX B IIPOU3BOJICTBEHHBIX LIMKJIAX, IPEICTABISET COO0M OHY U3 IPUOPUTETHBIX
3aJ1a4 COBPEMECHHOM 3KOJIOTHIECKON M XUMHUCCKON WHKeHepuH [1]. AKTyallbHOCTh TaHHOH MPOOIEMBI
00yCIIOBJIEHA HE TOJIBKO CAHUTAPHO-TUTHEHUYECKUMHU TPEOOBAHUSIMHU, HO U HEOOXOAMMOCTBIO PaIlHO-
HAJIBHOT'O MCIIOJIB30BaHMS BOJHBIX PECYPCOB, CHHIKCHN S aHTPOIIOT€HHON Harpy3KH Ha OKPYIKaIoOIIy o
cpeny, a Tak)ke MUHUMH3AIUY OTeph [IEHHBIX KOMIIOHEHTOB B TEXHOJIOTHYECKUX TMpoIeccax. B co-
BPEMEHHOH IIPAKTHKE BOIOMOATOTOBKHY TaKHE TPOLIECCHI, KaK KOATYJISIINS, (DIOKYIISINs, OTCTauBaHUE,
neraszanus (0,, CO,), buisrpanus u 00e33apaKuBaHKe, PACCMATPUBAOTCS KaK OCHOBHBIC CTaIUH SIHHON
TEXHOJIOTHYECKOH CXeMBbl. B TaHHOM ciTy4ae KoaryJisius 3aHIMaeT 0co00e MeCTo, TOCKOJIbKY HMEHHO
Ha 9TOM CTaJIMK OCYIIECTBIISICTCS IeCTa0MIIN3alM sl KOJIJIOU THO-IUCIIEPCHON CUCTEMBI U YKPYITHEHHUE
YacTHI ¢ 00pa30BaHUEM arperaToB, CIOCOOHBIX K MOCIIEAYIOMEMY OcaXJeH!I0. B Hay4HOIt tnTeparype
MOAYEPKUBACTCS, UTO APPEKTUBHOCTH MEPBUYHON OYMCTKH BOJbI B 3HAYUTEIILHON CTENICHU OIpe/ie-
JSIeTCS IPUPOION B3BEIICHHBIX BEIIECTB, YPOBHEM MYTHOCTH, HOHHBIM COCTaBOM CPE/Ibl, 3HaUCHHEM
pH 1 KoppeKkTHBIM BEIOOPOM THIIA KOAryIsHTa [2].

JlaHHbIH MOAX0]1 coryacyeTcs ¢ pe3yybraTamu uccieaoBanuii A. A. @UIMMOHOBON U COABT.,
KOTOPBIE TPH alipOOMPOBAHNUHU THOPHIHON TEXHOJIOTUH MOJTYUYSHHsI BOJbI TUTHEBOTO Ka4eCTBa OTMe-
YaroT, YTO OYMCTKA IIPUPOTHON BOBI 1O HOPMATHBHOT'O YPOBHSI SIBISIETCS CIIOKHON TEXHOJIOTHIECKON
3a/a4eil, 0COOCHHO B MEPUOAB! YXYAIICHHUS OKa3aTelel MOBEPXHOCTHOTO BOJOUCTOUHHUKA. ABTOPHI
MOAYEPKHUBAIOT, YTO BEIOOP TEXHOJIOTMH BOZOOUYHCTKH JIOJKEH YUUTHIBATH HCXOJHOE KAYeCTBO BOIBI,
XapakTep 3arps3HeHUH U BO3MOXKHOCTbD MOBBIIIEHUS d3PPEKTUBHOCTH OYUCTKH 33 CYET COUCTAHMS
HECKOJIBKMX (PU3UKO-XMMHUYECKHX METO10B 00paboTk [14]. DTO moaTBEepk/1aeT HEOOXOAUMOCThH KOM-
MIJICKCHOM OIEHKHM MYTHOCTH, LIIEJIOYHOCTH, COJICP’KaHUsI B3BEUICHHBIX BEIECTB U J03bI KOATyJISTHTA
B HACTOSIIEM HCCIICIOBaHHH.

[TpuponHbie BOIbI, B OCOOCHHOCTH PEUHBIE, & TAKIKE 3HAYMTEIbHAS YACTh IIPOMBIIIIEHHBIX CTOY-
HBIX ¥ 000POTHBIX BOJI, IIPE/ICTABISIIOT COOO0H CI0KHBIE MHOTOKOMITOHEHTHBIE (PU3NKO-XMMHUYECKNE
cucTteMsl. B nx coctaB BXOAAT AUCIIEPCHBIE MUHEPAJIbHBIE YaCTHUIIBI, PACTBOPEHHBIE M KOJLJIOU JI-
HbIE OPraHUYECKHE BELIECTBA, IIPEXkK/IE BCETO I'YMYCOBBIC COSAMHEHMS, BKJIIOYAIONINE I'y MUHOBBIC
U QyIbBOKHUCIOTHL. YKa3aHHbIE KOMIIOHEHTHI TOCTYIIAIOT B BOAHYIO CPE/y B PE3yJIbTaTe MPOTEKaHUS
€CTECTBEHHBIX T€OXUMUYECKUX M OMOT€OXUMHUYECKHX ITPOLECCOB, TAKMX KAK BBIIIEIAYNBAHNE KOM-
MTOHEHTOB MOYB ¥ TOPHBIX MOPOJ, a TAK)KE JECTPYKIIMUSI OPTaHMYECKUX OCTaTKOB. B 3aBucuMoCcTH
0T (PM3NKO-XMMHUYECKOH MPHUPOJIBI ATH BELIECTBA MOT'YT HAXOJUTHCS KakK B ()OpME UCTHHHO PaCTBO-
PEHHBIX HOHOB, TaK M B BHJIE KOJJIOUJIHBIX 00pa3oBaHuil. IMEHHO MPUCYTCTBHE BBICOKOUCIIEPCHBIX
YyacTuI] 00yCJIOBIMBAET arperaTuBHYIO M CEIMMEHTAINOHHYIO YCTOHYNBOCTD CUCTEMBI, CYIIECTBEHHO
3aTpyJHSs UX yJajJeHne U3 BOJHOU cpe/bl. KostonaHble 4acTHIbl, KaK IPaBUIIo, 00JIaJal0T OHO-
HMMEHHBIM JIEKTPHYECKUM 3apsJIOM U BCIIEACTBUE AEHCTBHS 3JEKTPOCTATHUECKUX CHII OTTAITKUBAHUS
COXPAHAIOT YCTOMUYMBOE JUCHIEPTUPOBAHHOE COCTOSTHUE. B CBSI3M € 3TUM €CTECTBEHHOE OCAXKICHNE
He obecrieunBaeT TpebyeMoli CTENeHH UX ynajeHus. VMcnonp3oBanne KoaryJIstHTOB Ha OCHOBE COJIeH
AIFOMUHMUS, B YaCTHOCTH CyJib(aTa aTFOMUHUS U AJJIOMUHUEBBIX KBACIIOB, 00eCeunBaeT 00pa3oBaHue
B pe3yJIbTaTe I'MIPOIN3a aKTHBHBIX MOJOKHUTEIHHO 3apPSKEHHBIX THIAPOIUTHYECKUX (POPM, CTIOCOOHBIX
HEWTpanu30BaTh MOBEPXHOCTHBIN 3apsi KOJUIONIHBIX YacTull. Hapsay ¢ aTuM B mporiecce Koaryasanun

(hopmupytorcest aMmopdHbIe THAPOKCHIHBIE (Da3bl ATIOMHHHUS, 00J1a1al0I1e Pa3BUTON COPOLIMOHHON
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CIIOCOOHOCTBIO M CIIOCOOCTBYOIIUE 3aXBaTy MUCIEPCHBIX IPUMECEH 10 MEXaHU3My 00beMHON (i10-
KyJIsuun. s amroMuHAACOIEepKANIe KoaryIsaiuu HanOoee OJarompusiTHOR CYUTaeTCs cpera,
Onu3Kas K HeWTpaJIbHOM MU c1aboKKCII0it; corntacHo nanHbM EPA, makcuMainbHast 3 peKTHBHOCTD
KOATyJISIHH COCTUHCHISIMU aTFOMUHUS JoCcTUTaeTcs npu pH okono 6,5, a pacxox cynbdara amromMu-
HUS MOXET U3MEHATHCS B MIMPOKUX MpeAeIax B 3aBUCUMOCTH OT MCXOJHOT0 KadecTBa BoaHI [3, 13].

Hapsiny ¢ BbIcOKOH 3()()EeKTHBHOCTHIO ATIOMHUHUHCOACPIKAMUX KOATYISHTOB CYIIECTBEHHOE
MPAKTUYCCKOE 3HAYCHUE UMECT KOHTPOJIb OCTATOYHOM KOHIICHTPAIIMH AJIFOMUHHS B OUUIIICHHOH BOJIE.
TexHMYecKHe JOKYMEHTHI BceMupHO opraHu3anuu 31paBOOXpaHCHIS YKA3hIBAIOT, YTO A TIOMUHUN
MOYET MOCTYIATh B MUTHEBYIO BOAY KaK U3 MPUPOIHBIX HCTOYHHKOB, TAK U BCICACTBHE IIPUMCHCHHS
ATIOMUHUAKCOEPKAIINX PEarcHTOB. B 3TOH CBSA3M KOPPEKTHBINA BHIOOP PEKUMa KOATYIISIINH, BEJIH-
4uHbI pH, MPOIOIKUTEIIPHOCTH KOHTAKTA U JO3MPOBKHU PEarcHTa sBIsSCTCS HEOOXOIUMBIM YCIOBHEM
oOecrieueHUsT HOPMAaTUBHOTO KadecTBa BOAbL. C TEXHOJIIOTHYECKON TOUKHU 3PEHUS 3TO 03HAYALT, YTO
YBEJIUYCHHUE 103bI KOATYJISIHTA JIOJKHO OBITH CTPOIO COIVIACOBAHO C PeaibHBIMU XapaKTePUCTHKAMU
OYHUIIIAEMOH BOIBI, BKIIIOUAs €€ MYTHOCTb, IEJIOYHOCTh U COICpIKaHIE B3BEUICHHBIX BEIIECTB [4].
HekoppekTHOe peryiupoBaHHE KOHICHTPALMKM KOAryJsHTa MOXET, C OAHOH CTOPOHBI, MPUBECTH
K HETIOJTHOMY TIPOTEKAHHIO KOATYIISIITUU M COXPAHCHHUIO B BOJC YAaCTU KOJUIOWIHBIX YaCTHIL, a C JIPY-
oW — BBI3BATh IMIEPEPACXO]] PeareHTa U MOBBIIICHUE COACPIKAHUSI OCTATOYHOIO aTrOMUHUS. Been-
CTBHE 3TOTO ONTUMU3AIMS 03Bl KOATYIISTHTA SBIISCTCS OMHOW U3 ICHTPAIBHBIX 3a7a4 TEXHOJIOTHU
BOJIONIOZITOTOBKH [5].

Jns cuctem, XapakTepHU3YIOIMUXCS BBIPAKEHHBIM COJICBBIM COCTABOM, OCOOCHHO MPU HATUIHHI
nonos K', Ca?", AI’" u SO,%, npouecc o4MCTKU HE MCUEPIILIBAETCS CTaAUed Koarynauuu. B mogo6-
HBIX CpellaX BO3HUKAET HEOOXOIUMOCTD YIIPABICHUS (Pa30BBIM COCTOSTHUEM CUCTEMBI M CEJICKTUBHO-
IO BBIJCJCHHS IIEJCBBIX COJEBBIX KOMIOHEHTOB. C (DM3NKO-XUMUUYCCKONH TOYKU 3PCHHUS MHOT'OKOM-
ITOHEHTHBIC BOJTHO-COJICBBIC CHUCTEMBI XapaKTEPH3YIOTCS CIOKHBIMH PAaBHOBECHSIMU PACTBOPCHUS,
HACBIIICHUS, TIEPECHIIICHUS U POCTa KpUcTa/uimueckux (a3. M3MeHeHue TemmepaTypbl, COOTHO-
[ICHHS WOHOB B PACTBOPE M CTEIICHHU €r0 HACHIIMICHUS CIIOCOOHO 00YCIOBUTH MPEHUMYIIECTBEHHYIO
KPUCTAJUTH3AIUI0 OJHOT'O U3 KOMIIOHCHTOB IPU COXPAHCHHUH IPYTUX COJICH B )KUIKOM (ase. laHHOE
SIBJICHHE COCTABJISICT HAYYHYIO OCHOBY CEIICKTHBHOHN KpUCTaumm3anuu. s cynbdarcomepiraniimx
COJICH KaJbl[Usl M QJFOMUHUs, BKJIFOYAsi TUIIC U KBACIbl, OMPEICIISIONICE 3HAYCHHE UMEIOT Pa3Jiv-
YU B pACTBOPUMOCTH B 3aBUCUMOCTH OT TEMIIEpaTypbl 1 HOHHOTO cocTaBa pactBopa. CoBpeMeHHBIC
IKCICPUMEHTAIbHBIC U PACYCTHBIC JaHHBIC CBUACTEIBCTBYIOT O TOM, YTO PACTBOPHUMOCTD CyJib(ara
KaJIBIHS U YCTOHYHBOCTD €0 THAPATHRIX POPM 00JIaaI0T BEICOKOH 9YBCTBUTEIBHOCTHIO K TEMITEpa-
Type U COCTaBY JICKTPOJIUTHON CPEIbl, YTO UMEET MPUHIUITHAIBLHOE 3HAYCHUE ISl TPOTrHO3UPOBA-
HUS OCAXKJICHUS TUIICA U IPOSKTUPOBAHUS MIPOLECCOB pa3esIeHHs] COOTBETCTBYIOLIUX coJiell [6, 12].

T'unic (CaSO42H,0) siBiisieTcst oqHO# U3 Hanbojiee pacpocTpaHeHHBIX (a3 cyibdaTa Kalblus
M BO MHOTHX TEXHOJIOTHYECKUX CHCTEMax o0pa3yeTcs JHUOO Kak IENeBON KPUCTAJLTMYSCKUN MPO-
IYKT, JTHOO Kak MOOOYHBIA ocagoK. [10 MaHHBIM JIUTEPATYPHBIX UCTOYHHUKOB, €r0 PACTBOPHUMOCTH
7 (ha30BbIC MPEBPAIICHUS OIPEACIIIOTCS TEMIIEPATyPOid, CTENICHBIO TIEPECHIIICHIS PACTBOPA H MPH-
CYTCTBHEM COMYTCTBYOIINX HOHOB [7]. B 4HCTOM Bome nepexo rurica B aHTUAPUT MPOTEKACT B OMpe-
JICIICHHOM TEMIIepaTypPHOM HHTEpBalie, OMHAKO B MHOTOKOMIIOHCHTHBIX 3JICKTPOJIUTHBIX CHCTEMAax
XapakTep 3TOT0 NMePEexXoaa MOXKET CYIICCTBEHHO H3MEHSITHCS. B CBsI3U ¢ 3TUM HCcien0BaHuie (ha30BbIX

paBHoBecuii B cucremax tumna K, Ca, Al/SO,~H,0 mno3BoisieT yCTaHOBUTH 00JIACTH YCTOWIHBOCTH
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THUIICA, YCIOBHUS €r0 KPUCTAUTH3AIUN U BO3MOKHOCTH €0 CEJICKTUBHOTO BBIJCICHHS U3 CMECH C JPY-
ruMu cyibdaramu. 1 MPOMBIIIICHHBIX TEXHOJIOTHIA TaKWe CBEACHUS MPEICTABISIOT HE TOJBKO
(hyHIaMEHTaIbHBIH, HO W HEMOCPEACTBEHHO MPUKIIAIHON HHTEPEC, MOCKOJIBKY KOHTPOJIHUPYEMOE
OCaXXICHUE TUIICA MOXKET CIIY)KUTH dPPEKTUBHBIM HHCTPYMEHTOM HAIIPABJICHHOTO BBIICICHHS CYJIb-
(hara kanbuus [8, 9].

Hapsimy ¢ rumcoM Ba)XHOE 3HAYCHHUE IS PacCMATPUBAEMBIX CHCTEM HMMEET M KPHUCTAJIIH3a-
uus kBacuoB. Coeaunenne KAI(SO,), 12H,0 xapakTepusyeTcst TeM, 4TO yYCIOBUS ero o0pa3oBaHus
¥ KHHETHKA POCTa KPHUCTAJUIIOB 3aBHCAT OT TEMIIEPATypPbl, CKOPOCTH OXJIAXICHHS, MHTEHCHBHOCTH
MepeMEIIMBaHUs ¥ CTEICHH MEePECHINICHUS pacTBopa. B mpoduibHON JuTEepaType MoKa3aHo, 4To
CHIKCHHE TEMIIepaTyphl, KaK MPaBUIIO, CIOCOOCTBYET BO3PACTAHUIO MEPECHIMICHHUS U MHUITUUPYET
MPOIECC KPUCTAII000pa30BaHHUS; IPH 3TOM CKOPOCTH OXJIAXKACHHS U THAPOIUHAMUYCCKUC YCIIOBHUS
OKa3bIBAIOT CYIICCTBEHHOE BIUSHHE Ha pa3Mep, MOP(OIOTHIO U CTEIICHh YUCTOTHI 00pa3yIOIIuXcs
kpuctamnoB [10]. C TeXHOIOTrHYECKON TOUKM 3PEHUS HCIOIb30BAaHUE PA3IUYHil B PACTBOPHUMOCTHU
TUTICA U KBACIIOB IIPH Pa3IUIHBIX TEMIIEpaTypax co3JacT MPEATIOCHIIKH ISl BX MOCIeI0BATEIFHOTO
pas3zeseHus B paMKax €JUHON TeXHOJOTMYECKOM cxeMbl. IMEHHO 3TOT MOJAXO0/ JIEKUT B OCHOBE BbI-
0opa TeMIepaTypHOTO PEKUMa CEIIEKTHBHOTO BBIJCIICHUS IIEIICBBIX KOMIIOHEHTOB U3 MHOTOKOMIIO-
HEHTHOTO pactBopa [11].

C y4eToM H3JI0KEHHOTO pa3paboTKa TEXHOJOTHMYSCKOH CXEMBI, B KOTOPOH KOATYIISIIHS U Ce-
JICKTUBHASI KPUCTAJUIM3AIMS PACCMATPUBAIOTCS KaK B3aMMOCBSI3aHHBIC CTaIUU EIMHOIO Ipolecca,
MPENCTaBISCT COOON aKTyallbHOE HAIpaBIICHUE HAyYHBIX MCCICIOBaHUN. B paMkax Takoro momxona
KOAryJisIusi 00eCHeYnBACT CHUIKEHNUE MYTHOCTH, YIaJICHUE B3BEIICHHBIX M KOJUIOMIHBIX MPUMECEH,
a TaKXe KOPPEKTHPOBKY UCXOTHOTO COCTaBa PacTBOPA, TOTIA KaK CENICKTUBHAS KPHCTAJUTH3AIUS CO3-
JIaCT YCJIOBUS JIJIsI BBIICJICHUS [IEHHBIX MPOIYKTOB U MOCICAYIOMICH epepabOTKH MaTOYHOI'O PACTBO-
pa. [IpenmymiecTBO MOJOOHOM CXEMBI 3aKIIOYACTCS B TOM, YTO OHA ITO3BOJISET HE TONBKO ITOBHICHTH
Ka4eCTBO OYHIIAEMO BOJbI, HO M O0ECIICUYUTh KOMIUIEKCHOE HCIIOJIb30BAHUE CYJIb(aTCOmCPIKAIINX
KOMIIOHEHTOB. B 9acTHOCTH, TOCIIE OTICTICHIS KPUCTAJIJIOB KBACIIOB MATOYHBIH PAaCTBOP, COACPKAIIUN
MPEUMYIIECTBEHHO CYJIb(AT KaJIKsl, MOXKET ObITh BO3BPAIIICH B UCXOAHBIA TEXHOJIOTHICCKHH UK. Ta-
Kasi peHUPKYIISIIIHS CIIOCOOCTBYET ITOBHIIICHUIO CTEIICHH HCIIOIB30BaHUS CHIPBSI, COKPAIICHHUIO IIOTEPh
PACTBOPEHHBIX COJIEH M YIyUIIEHUIO TEXHUKO-DKOHOMUYECKUX MOKa3aTesel mpoiecca [12].

HeobxoqumMocTh (PU3HKO-XHMHYECKOTO HCCIEIOBAHUS MPOIECCa KOATYISIIINU H (Ha30BBIX paB-
HoBecuil B cucreme K, Ca, Al/SO,—H,O o0ycioBiieHa, ¢ OQHO#I CTOPOHBI, 3aaa4eii 3 dekTuBHON
OYUCTKH BOIBI U CHUIKCHHS CONIEPKAHUS AMCIICPCHBIX 3arps3HSIOMINX IMPUMECEH, a ¢ IPyToi — 3a-
Jlaueii CEJICKTUBHOTO BBIJCIICHUS IIEJCBBIX MPOAYKTOB. YCTAHOBJICHUE 3aBUCHMOCTH paccMaTpUBac-
MBIX TIPOIIECCOB OT KOHIICHTPALUH KOATyJISHTA, IIEIOYHOCTH, TeMIIEpaTypbl 1 HOHHOTO COOTHOIIIE-
HUS UMEET MPUHIUITHAIBHOC 3HAYCHHUE JIJIsI IOCTPOCHHU ST HAy YHO 00OCHOBAHHOW MOJICITH YIIPABICHHUS
TeXHOJOorHel. Pe3ynbpTaThl MOMOOHBIX HCCICIOBAHII MOT'YT CIIYKUTh OCHOBOM TSI COBEPIIICHCTBOBA-
HUS PSKUMOB BOJIOOYUCTKH, ONITUMHU3AIMH MTPOIIECCOB KPUCTAIIIU3AIUN U pa3paboTKu pecypcoche-

peraromux 1 SKOJIOTHIECKH 0S30IaCHBIX TEXHOIOTHIA [9].

OO0BEKT HCCJIe0BAHUA

OCHOBHBIM 00bEKTOM UCCIIEJOBAHUS SIBIISICTCS PE3ePBYap CyTOYHOTO PEryIMPOBaHUS BOAOCHA0-

JKaIoIe CTaHIINH, PacIiooKeHHBIN Ha mpocnekTe Pynaku paiiona M. Comonu ropona lymanoe.
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bacceiiH CyTOYHOro peryJMpoBaHUs COCTOUT U3 TPEX CEKLUM:

e bacceitn Ne 1 — 1i1st ocaxJJeHU s KPYITHBIX MEXAHUYECKUX YACTHULL;

* bacceita Ne 2 — st BBeZleHHs KOaryJIsiHTa M MPOBEACHUS Mpolecca KOaryiIsluu B CHEIH-
aJFHOM JTAOMPUHTHOM YCTPOUCTBE;

e bacceitn Ne 3 — akkyMyJUpYIOIIUH pe3epByap sl XpaHSHUs BOABI U €€ MOCIeNYIOEeH Mo-
Ja9¥ B TUTHEBYO BOJOIPOBOIHYIO CETh.

B teuenue cyTok B Gacceiin moctymaeT 432 ThIC. MP BOIBI U3 JEPUBALMOHHOTO KaHANa PEKH
Bap300, nocie orcrauBanus u3 KOTOpbix 300 Thic. M? HANPaBJISETCA HA BOIOOYMCTHBIE COOPYIKEHUS
U B cUCTeMy BofocHaOxkeHns. O0Ias BMECTUMOCTH 6acCcelHOB cocTaBseT 395550 m>. [l ynanenus
0CaJIKOB, HAKAILTUBAIOIINXCSA Ha THE 0ACCEITHOB, UCTIONB3yeTCs CIICIIUATbHAS TEXHIKA — 3eMCHAPSIT

(nmococHoe / THOYTIyOuTEIbHOE 000PYA0OBaHKE).

MeToauka uccJea0BaHus

HccnenoBanue POBOIMIIOCH C IIETBIO U3y UYEHHsI TPOLIECCOB KOATYISIINHI M CEIEKTUBHON KPUCTAII-
JIM3aLMY B MHOIOKOMITOHEHTHOM BOoaHO-coneBoi cucteme K, Ca, Al/SO,4~H,0. C 510ii 1enbio 0bu1H
MIPUTOTOBJIEHBI MOJIEJBHBIE PACTBOPHI HA OCHOBE CYJIb()ATOB KaJWs, KaJbIHsI U aJIOMUHHS, IS KO-
TOpI)IX OHpe)ICJ'[ﬂJ'[I/ICI) IIJIOTHOCTB, HICJIOYHOCTD, HpO3pa‘-IHOCTI) nu COI[ep)KaHI/IC B3BCILICHHBIX BCIIICCTB.

B mporiecce koarynsinu B Ka4eCTBE KOATyJISTHTOB HCIIOIB30BAIIHMCH CYJIb(aT alfOMUHUS U aJTi0-
MUHHEBbIE KBAcIbl. [IJTOTHOCTH pacTBOpa KoaryjsiHTa Onpeaelsiachk ¢ nomoinso apeomerpa. Co-

TJIACHO JAaHHBIM TaOI. 1, IpH yBENWYCHHUH IUIOTHOCTH pacTtBopa oT 1,015 mo 1,100 xoHmeHTparus

Tabnuua 1. 3aBucumocts 10361 Koaryisiuta Aly(SOy4); 18H,0 0T 0CHOBHBIX ITapaMeTPOB BOJIBI

Table 1. Dependence of the dose of the coagulant Al,(SO4);-18H,0 on the main water parameters

ITapameTpsl [loxazarenu

[170THOCTH pacTBOpA KOATyNSHTA,

o 1,015 | 1,020 | 1,030 | 1,040 | 1,055 | 1,065 | 1,070 | 1,083 | 1,090 | 1,100

Konnenrpanus xoaryinssra, % 1 2 3 4 5 6 7 8 9 10

HcxomHas mea04HoCTh

" 1,6 - - - - - - - - -
UCCIICAYeMO BOJIbI, MT-9KB/1 ’

[lenounocTh HccneayeMoi BOAbI
mocie 00paboTKH, MT-3KB/IT

CHMKeHHE 1EeTOYHoCTH, Mr-3kB/i1 | 0,05 0,10 0,15 | 0,20 | 0,25 | 0,30 0,35 0,40 - -

Jlo3a 6e3BOAHOTO KOArysasHTa,
MI/1

1,55 | 1,50 | 145 | 140 | 1,35 | 1,30 1,25 1,20 - -

30 | 59 | 90 | 11,8 | 150 | 176 | 206 | 235 | - -

Jl03a HCIIONIb3yeMOro KOaryJsiHTa,
MI/I1

[Ipo3pauHocTs, cM 4-8 | 815 | 15-25 12530 | >30 - - - - -

KoHueHTpauust KoaryisHTa
110 MPO3PAYyHOCTH, MI/I

75 150 | 22,5 | 295 | 370 | 440 | 515 59,0 - -

65-45 | 55-35 | 45-25 | 4020 | 35-15 | - - - - -

I[03a KoaryJisiHTa 1o CoACpKaHuIo

25-35 | 3045 | 40-60 | 45-70 | 55-80 | 6090 | 65-105 | — - -
B3BELICHHBIX BEIIECTB, MI/I

R 90— | 101- | 201— | 401- | 60— | 80— | 1001= | |
SBEMMICHHEIC BOMICCTRA, 100 | 200 | 400 | 600 | 800 | 1000 | 1400
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Puc. 1. TexHonmoruueckas cxema paszejeHUs MHOTOKOMIIOHEHTHON BOJTHO-coJeBoii cuctembl K, Ca, Al/SO4~H,0

Fig. 1. Technological scheme for the separation of the multicomponent aqueous salt system K, Ca, Al//SO,—H,0

KoaryssHTa Bozpactaetr oT | 1o 10 %. Jlns mpakTuyeckoro mpuMeHeHHs! Hanboiee IpueMIeMbIMU
SIBJISIOTCSL PACTBOPBI ¢ KOHIIEHTparueil 3—5 %. KoHleHTpamnus KoaryJsHTa moaoupanach ¢ y4eToM
IEJIOYHOCTH, IIPO3PAYHOCTH BOJBI U COIEPIKAHMSI B3BEIICHHBIX BEHIeCTB. M3 TaOMuUIIBI ciienyeT, 4To
IIpU CHUIKCHU U TPO3PAYHOCTHU BOABI U YBCJIMYCHHUU KOJUYCCTBA B3BCHICHHBIX YaCTHUIl JO3UPOBKA KO-
aryJsiHTa TakXKe BO3pacTacT.

3¢)¢)CKTI/IBHOCTL Koaryjadaouu OLECHUBAJIM IO CTCICHU OCBETICHHA BOJAblI U MHTCHCUBHOCTH
ocaxxieHus1 oOpasyromuxcst Gruokyi. [ u3ydeHuns mpouecca CeJIEKTUBHON KPUCTAJITU3ANHN IKC-
MEePUMEHTHI MPOBOAMIMCH NIpu Temreparypax 0 u 25 °C. OOpa3oBaBuivecss KpUCTAIUIbI OTACISUIIH
OT MaTOYHOI'0 PacTBOpa, IIOCJIE YEro YCTaHABIMBAJIM MOCIEIOBATEIBHOCTh (POPMUPOBAHUS OCHOB-
HBIX (ha3 — rurnca u kBacuoB. [lonyueHHbIe pe3yNbTaThl ObUIM UCIOIB30BAHBI 1JIsi pa3paboTKH TEXHO-

JIOTUYECKOM CXEeMBbI OUMCTKH BOJbI U BBIICJICHUS LECJICBBIX MTPOAYKTOB.

Pesyabrarhl 1 UX 00cyxKaeHHE

Onpeoenenue uona anoMunus u okcuoa anomunus. Ilocie 3aBepiieHus mpoiecca KoaryJis-

MU UOH AJTIOMUHUA MOKET YaCTHUYIHO COXPAHATHCA B PACTBOPC. B cBs13u ¢ aTHM OoIpeAeJICHUC coaep-
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YKaHMsI OCTATOYHOI'O AJIFOMUHUSI HMEET BaXKHOE 3HAYCHHUE IS OLEeHKH 3(heKTHBHOCTH Koarysiu-
OHHOM ouncTku. OOHApYKEHUE HOHA ATTIOMUHUS, KaK IIPAaBHIIO, OCYIIECTBIISCTCS C HCIIOIb30BaHHEM
MIETIOYHBIX PEaKIIMii, a TAKXKe PAJia IBETHBIX PEareHTOB. DTH METO/IbI TO3BOJIAIOT HE TOJIBKO YCTaHO-
BHUTH IIPUCYTCTBUE HOHA aTIOMUHHUS B BOZE, HO U OIICHUTH CTEIIEHb OYHCTKU Cpelbl U 3P (HEeKTHBHOCTH
MpUMEHEeHU s KoarysiaTta [9].

bnuskue nmo pU3NKO-XMMUYECKOW HANpaBJIeHHOCTH pe3ynbTarsl noiaydensl O. M. [TomaszkuHoiM
U COABT. MPU W3YUYCHHUH TJyOOKOW MTOOYMCTKH TEXHOT'CHHBIX PacTBOPOB OT MOHOB Hukes(Il) Mmomu-
(UIIMPOBAHHBIMU ATIOMOCHUIIMKATaMHA. ABTOPBI MTOKAa3aJId, YTO 3PPEKTUBHOCTh OYHCTKU BOITHBIX
U TEXHOJIOTMYECKUX PACTBOPOB BO MHOI'OM ONpEAECISAETCS aJCOPOLMOHHBIMU CBOMCTBAMHU TBEPIOM
(a3bl U XapaKTepoM B3aMMOJICHCTBUSI MOHOB METAJIOB C ITOBEPXHOCTHIO copOenTa [15]. C ydyerom
9TOr0 KOHTPOJIb OCTATOYHBIX NOHOB QJIFOMUHUS T10CIIE KOATYJISILIMU B HACTOSIILEH paboTe HMeeT Bax-
HOC 3HAYCHUE, IOCKOJIBKY MO3BOJSET OIIEHUTH HE TOJBKO CTEICHh OCBETIICHHS BOJBI, HO U MTOJIHOTY
CBSI3BIBAHUSI U YJAJICHUSI PACTBOPEHHBIX M KOJLIOUIHBIX (hOPM aTFOMHHHUS.

Hns onpenenenus cogepxanus Al,O; B coctaBe KAI(SOy), 12H,0 HaBecka conu maccoit 10 T
OblIa MoMeneHa B Koyi0y BMecTUMOCThIO 250 mul, mocsie yero K Hed npubasisuin 70 M1 JUCTHII-
JUPOBAaHHOW BONEI. JIJIs MOJIHOTO pacTBOpPEHUs 00pas3lia pacTBOpP BELACP)KHBAIH IPU TEMIIEpaType
50—60 °C. Ilociie moTHOTO PacTBOPEHUS COTH 00BEM PacTBOPA TOBOAMIIN JUCTUIIIIUPOBAHHON BOION
1o Metku 250 M.

W3 nonyueHHOro pactBopa oToMpanu 25 MiI, K KOTOpbIM A00aBisuiu 3 kamiu 3 %-ro pactBopa
MIePOKCHAa BOJOPOAA, MOCIE 4ero 00heM TOBOIUIN NHCTHILIHPOBAaHHON Bomoit mo 100 mu. [Tomy-
YEHHBIH PACTBOP JOBOIMIIM 10 KUTIEHUs U npubasisau k Hemy 10 %-if pacTBOp xmopuna Gapus.
B pesynbratre 00pa3oBBIBaICS OCIBIN 0CaIOK, CBHACTECIHCTBYIOIIUI O IIPOTEKAaHUU COOTBETCTBYIO-
1Iei MEKMOHHOM peakiuu. 3aTem K pacTBopy nobasisiiu 3 karmiu 0,1 %-ro pacTsopa deHondrane-
nHa ¥ TUTpoBaiu 0,5 H. pacCTBOPOM T'HIPOKCH I HATPHS JI0 TIOSBICHUS c1ab0# (proneToBo-po30Boit
okpacku. ComepkaHnue OKCHAA aJTIOMUHHUS B UCCIEIyeMOM o0Opasle ompeneisin TUTPUMEeTpUuUe-
CKHM METOJIOM.

Jns mpurotosaenus 1%-ro pactopa KAI(SOy), 12H,0, 9,19 r BemectBa pactBopstiin B 500 M
Bombl. [locie 3TOro st u3ydeHus KOaryIsSIHOHHOTO ISHCTBUS OBLIN MOATOTOBICHBI 6 HHIWHIPOB
06beMoM 1o 1 11 Kax pIii. B KaX b1 IUIWHIP MOMEINalIu BOY U3 IepUBAIIMOHHOTO KaHasa Bap3o0a.
[IpenBapuTeNbHEII aHAIN3 TIOKa3ajl, YTO HCXOIHAS MYTHOCTH BOABI cocTaBisuia 142 mr/m. B munms-
npbi BHOcHH 1 %-it pactBOop KAI(SO4),-12H,0 B pa3nuuHbIX KOJIMUECTBAX: B MEPBBIN HUIUHAD — 3
MJI, BO BTOpOH — 4 MJI, B TPETUM — 5 MJI, B UETBEPTHI — 6 MJI, B IATBIA — 7 MJI U B LIECTON — 8 MIL.
[Tocne BBeneHUS KOAryasHTa pacTBOPHI MEPEMEIINBANIN B TEUCHHE 15 ceKyH[. 3aTeM X OCTaBIISIN
B COCTOSTHUU TOKOS Ha 30 MHHYT JJIS TIOJTHOTO IMPOTEKAHUS MPOIECCOB KOATYISIINN U OCAXKICHUS.
BozHukaromue n3MeHeHns HaOnio1aau 1 aHaJIu3npoBaIy. BHeITHUI BUJ BOJIBI 10 BHECEHHS KBACIIOB
¥ TIOCJIe UX JOOABJICHHUS MIPEICTABIICH HA PHUC. 2.

B xoze anau3a ObLIO YCTAaHOBIICHO, uTO BBeneHue 1 %-ro pactBopa KAI(SO,), 12H,0 crnocob-
CTBYET CHHKCHHIO MYTHOCTH BOIBI. DKCIICPUMEHTATBHBIC PE3YIbTAThI TOKA3aJIH, YTO IIPH yBEITHYC-
HUM 00beMa KOaryJisiHTa oT 3 0 8 MJI 0OCTaTOYHasi MyTHOCTh BOJIBI TOCTENEHHO YMEHbBINAETCS. ITO
CBUJCTEIBCTBYET O TOM, YTO KBACIIbI, BRICTyIIasl B KAUECTBE KOATYIISTHTA, CIIOCOOCTBYIOT HEHTpaH-
3alMY KOJUIOWHBIX YACTHIl U UX YKPYITHEHHIO C 00pa3oBaHHeM KPYHHBIX (JIOKYII, KOTOPbHIE B AaJIb-

HEHIIeM JIETKO OCaXKIarTCA.
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Puc. 2. Boustaue no6aBieHNs MOTyYeHHBIX KBACI[OB Ha IIPO3PavyHOCTh BOAKL (a) 6e3 1obaBieHust kBacuos; (0)
rocie 100aBICHHS KBACIIOB

Fig. 2. Effect of the addition of the obtained alum on water transparency: (a) without alum addition; (b) after alum
addition

Tabnuua 2. 3aBUCUMOCTh MYTHOCTH MCCIIEAYEMOii BO/bI OT KOHIeHTpauuu 1%-ro pactBopa KAI(SO4),-12H,0

Table 2. Dependence of the turbidity of the studied water on the concentration of a 1 % KAI(SO,), 12H,0 solution

Hcxonnas myTHOCTB BOIBI — 142 Mr/n
1%-i1 pactBOp KAI1(SO,4),-12H,0
Ne munuHpa 1 2 3 4 5 6
MyTtHOCTb TipH 540 A, MT/1 42 33,6 30,9 273 242 22

VcxonHast MyTHOCTB BOAbI cocTaBiisiia 142 mr/n. [locne koarynsiiuoHHOH 00pabOTKH B OT/EIb-
HBIX HUJIMHAPAX ObUIN TOJIyYEHBI ClielyIoIne 3HaueHus (Tadd. 2).

W3 naHHBIX TaOIUIBI CleAyeT, YTO dPPEKTUBHOCTh KOATYJISIMK BO3PACTAET C yBEINYCHUEM
JI03bI Koaryssiuta. Hanbosbliasi cTeneHb OYMCTKH HAOIIOIANach B MIECTOM [UJIMH/PE, B KOTOPBIA
OBLIIO BHECEHO 8 MJI pacTBOpa KOAryJIsIHTA; MPU 9TOM MYTHOCTh CHU3WIACh 0 22 mr/in. Takum 00-
pa3oM, MpUMEHEeHUE KBACI[OB B KAYECTBE KOATYJISIHTA SBISETCS 3()(HEKTUBHBIM JIJISI CHHIKCHHUSI MY T-
HOCTH BOJIBI U MOXKET PaCCMaTpPUBAThCs KaK JICHCTBEHHBIN PEAreHT B IIPOIECcCaX BOJOOYUCTKH.

[NoBblIlIeHHE KOHLIEHTPALUU KOAT'YJISIHTa B PACTBOPE, KAK MIPABHUIIO, COITPOBOXK/IAETCSI yBETHUCHNU-
€M CIIOCOOHOCTH K JIECTa0MIIM3aLMH KOJJIOUIHBIX YaCTHUIL M MEJIKOIUCIIEPCHBIX B3BELICHHBIX BELIECTB.
B 3THX yCHOBHSIX JAMCIEPCHBIC YACTHIIBI YACTUYHO HIIM MOJHOCTHIO YTPAUNBAIOT CTAOUIM3UPY FOIIU I
3apsiji, CONMMKAIOTCS MEXKAY OO0 U 00pas3yIoT Ooliee KPyITHbBIE arperarbl, KOTOpPbIE 3aTeM JIETKO 0Caxk-
narorcs. Hapsily ¢ 9TUM CHH)KEHHE [IETIOYHOCTH YKA3bIBAET HA TO, YTO B CUCTEME aKTHBHO MPOTEKAIOT
HMOHOOOMEHHBIE MPOLIECCHI U THJIPOJIN3 COJIeH KOAryJIsiHTa ¢ 00pa30BaHUEM aKTHBHBIX I'HIPOKCUIIBHBIX
(dopm amomuHus. IMEHHO 3TH IPOMEKYTOUHBIE U KOHEUHBIC TIPOAYKTHI THAPOJIM3a UTPAIOT KITFOUe-
BYIO POJIb B IIPOLECCaxX HEUTPAIU3aluH, aACOPOIIMU U CBS3bIBAHUS 3arPS3HSIOIINX TpuMecei. B cBsizu
C 9THUM M3MEHEHHE KOHIIEHTPAIIMU KOATYJISIHTA U [IEJIOYHOCTH MOXET PACCMATPUBATHCS KAK COBOKYII-
HOCTb B3aMMOCBSI3aHHBIX MOKa3zarelieil 23(p(HeKTHBHOCTH KOAryJIsiliu, OCKOJIbKY 00a (akropa Herno-

CPE€ACTBEHHO BJIHMAIOT HA CTEIIEHB OCBECTIIEHU S BOJAbI U CKOPOCTh OCAXKICHUA (I)J'IOKyJ'I.
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B muorokommnonentHoii cucteme K, Ca, Al//SO4~H,0 cootHomenue Mexay karnonamu K+, Ca”*
u AP* aBJseTCs OHMM M3 OCHOBHBIX (JaKTOPOB, ONPEAENSAIOIIMX HANpaBieHue (ha3oBbIX IIPEBpaLe-
Hui. [Ipy ©3MEHEHUH COOTHOIICHHUS 3THX HOHOB M3MCHSIOTCS KaK COCTaB 00pasyromuxcs das, Tak
U [I0CJIEA0BATEIBbHOCTD MX KPUCTAITH3AIMH. TaK, yBEIHUCHHUE UK YMEHBIICHUE J0JIM NOHA KAJIBIIHS
MOXET CII0COOCTBOBAaTh 00PAa30BaHUIO THIICA, TOTVIA KaK HAJTMYNE KaJHsl U aJIOMUHHSI B OTIPE/IeIICH-
HOM COOTHOILICHUH CO3/Ia€T OJIaronpusITHbIC YCIOBUS sl POPMUPOBAHUS KBACI[OB UITH IPYTUX CYJib-
¢darconepxamux das. Temneparypa Takxke UrpaeT B JaHHOM IIPOLIECCE PELIAIONLY IO POJIb, IOCKOIBKY
MMEHHO OT HEe 3aBHCST PACTBOPHUMOCTH COJICH, CTEMEeHb HACHIIIEHHS PACTBOPA U CKOPOCTh POCTa
KpucTasuioB. [Ipr H3MEHEHHH TEMIIEPAaTyPbl H3MEHSCTCS U TEPMOAMHAMHYECKAsl yCTOWYUBOCTH (a3,
BCJIEJICTBUE Y€r0 MPH OIHOM TeMIIEPAType HEKOTOPbhIE COSIUHEHHSI MOTY T KPUCTAIIITM30BATHCSI, & TIPU
JIPYyTroi — oCcTaBaThCs B pacTBope. JJaHHOE CBOWCTBO MMEET OOJIBIIOC 3HAYCHHE ISl BHIOOpA OMTH-
MaJIbHbBIX YCIIOBUU BBIJCICHUS 1EJIEBBIX POYKTOB.

Ananu3 auarpaMMbl (a3oBbIX PaBHOBECHH IMO3BOJIMJ YCTAHOBHTH HE TOJBKO 00JACTH CyIle-
CTBOBaHUs OTAEIbHBIX (ha3, HO U 30HBI UX YCTOWYUBOCTH B CUCTeME. B yacTHOCTH, ObLIO orpe/e-
JICHO, TIPA KAKOM COCTaBE M TeMIIepaType apKaHUT, THIIC U CYIb(paT aTlOMUHUS COXPAHSIIOT TEPMO-
JUHAMHYECKYIO YCTOHYMBOCTD, @ TAK)KE KAKHE YCIOBHUS CIIOCOOCTBYIOT MEPEXO/1y CUCTEMbI M3 OJJHON
(azoBoii 001acTH B IpYTry10. DTH AaHHBIC MMEIOT B)KHOE MTPAKTHYECKOE 3HAYEHHE, [TI0OCKOJIBKY Ha UX
OCHOBE MOXHO MPOTHO3MPOBATH MOCIIEA0BATEIBHOCTD CEICKTHBHON KPUCTAIIU3AIUNA U KOPPEKTHO
BBIOMPATh HCXOHBIN COCTAB U TEMIIEPATYPHBIH PEIKUM JJIsI BBIACICHHS ONpeAcicHHbIX (Ga3. MHbIMU
cioBaMu, a3oBasi AMArpaMMa CIyKUT HAyYHOUW OCHOBOU YIIPABIICHUS IIPOLECCOM, MIO3BOJISISI MUHU-
MHU3HPOBATH MOTEPH IIEHHBIX BEIIIECTB U MOBBIIIATH BBIXOJ [[EJICBBIX TPOAYKTOB.

[Tpu onpeieseHuU KOHIIEHTPALUN KOATryJISIHTa HeJIOCTATOUYHO OMUPATHCSI TOJIBKO Ha OJMH Mapa-
METp, MOCKOJIbKY peaibHOE COCTOSIHHE BOJIbI XapaKTepPHU3YyeTCsi COBOKYITHOCTBIO Moka3zaresei. [Ipo-
3pavyHOCTh OTPAXKAET OOIIYIO CTEMEHb MYyTHOCTH BOJIbI, TOT/1a KAK COJICPKAHUE B3BEIIIEHHBIX BEIECTB
MOKA3bIBACT KOJMYECTBO TBEPBIX MUCICPCHBIX YACTHII, IPUCYTCTBYIOMKUX B cpeae. Eciu KOHICH-
Tpalusi KoaryJsiHTa BbIOpaHa CIUIIKOM HU3KOM, YaCTh YACTHUI] COXPAHSIETCS B YCTOWYMBOM KOJIIIOHI-
HOM COCTOSIHMH, U OUYMCTKA BOJIbI OKa3bIBaeTCsl HEMoHOI. HanpoTus, HE0OOCHOBaHHOE yBEJIUYCHUE
JI03bI PEAreHTa MOXKET MPUBECTH K €ro Mepepacxoiy, U3MEHEHU 0 HOHHOTO COCTaBa CPEebl U, BEPOsIT-
HO, K MOBBIIICHUIO OCTATOYHOTO COACPIKAHKS aTFOMUHUS B Bojie. 1o 3T0il mpruunHe BBIOOP JT03bI KO-
aryJsiHTa JOJKEeH OCYIIECTBISATHCS C YYETOM KaK IPO3PAYHOCTH, TAK U KOHIIEHTPALUU B3BEIICHHBIX
BelecTB. Takol Mojaxoj Mo3BoisieT 00eCneunuTh ONTHMAaJbHBIN OanaHc MEXIy IPPEKTHBHOCTHIO

OYHCTKH, paCXOA0M KoaryjadHTa u YCTOﬁqHBOCTLm TEXHOJIOTUYCCKOI'0 peKuma.

3akJiroueHue

B pesysbrare NpoBEAEHHOTO UCCIIENOBAHUS ObLIIM YCTAHOBJIEHBI OCHOBHBIE 3AKOHOMEPHOCTH IIPO-
LECCOB KOATyJISHU U CENEKTUBHOM KPUCTAILIM3AIUHA B MHOIOKOMIIOHEHTHO! BOIHO-COJIEBOI CHCTE-
me K, Ca, Al/SO,—H,0. Iloka3aHo, 4TO MpUMEHEHHUE Cyib(aTa aTFOMUHUS U aJTFOMHHHUEBBIX KBACIIOB
B KQUECTBE KOAryJIsSTHTOB CIIOCOOCTBYET CHIDKEHUIO MY THOCTH, YMCHBLICHUIO CONEPIKAHUSI B3BELICHHBIX
BCHICCTB U YJIIYUIICHHUIO KQ4C€CTBa BOJbI. yCTaHOBJ'[eHO, YTO KOHLOCHTpaLHW KoaryjadHTa JOJI’KHaA BBI6I/I-
PaThCsL C YUSTOM IIEIIOYHOCTH, IPO3PAYHOCTH U COACP/KAHHS B3BEIICHHBIX BELIECTB B OUMIIAEMON BOJIE.

OnHOBPEMEHHO JIOKAa3aHo, 4TO cooTHomEeHue nonos K', Ca®", AI’*, a Takxke TemmepaTypa oka-

3bIBAIOT CYHIECCTBCHHOC BJIMAHHUC HA MPOLCCChl KPUCTAJIN3ALIUN U YCTOﬁqHBOCTB 06pa3y10n11/1xc;1
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¢a3. Ha ocHoBe pazinuuii B pacCTBOPUMOCTH OOOCHOBaHa BO3MOXXHOCTH CEJIEKTHBHOI'O BbIJCICHHUS
rurca (CaSO42H,0) u kBactoB (KAI(SOy,), 12H,0). OcTaBmuniicss MaTOYHEIH pacTBOp, COAEePIKAIIUN
cynb(haT Kaaus, MOKET ObITh BO3BPAIICH B HCXOAHBIN TEXHOJIOIHUYECCKHI ITPOIECC, YTO CIIOCOOCTBYET

HOBBIHICHUTIO ITPOU3BOAUTEIIBHOCTU U CHUKCHUTIO TTOTCPHb LEJICBOI'O IIPOAYKTA.
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Abstract. The colloidal stability of low-concentration nanoemulsions based on technical rapeseed oil
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affecting the stability of dispersed systems. The concentration of rapeseed oil ranged from 0.1 to 5 vol.%.
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KoJsiougnasi ycToi4MBOCTh
HU3KOKOHIEHTPUPOBAHHBIX HAHOAIMYJIbCHUIA

Ha OCHOBE€ TEXHUYCCKOI'0 pamcoBoro macJjia

A.JI. Cxopoborarosa, /1. B. I'y3eii,
O.I1. CrebenieBa, A.B. Munakon
Cubupckuii pedepanvruvlii yHugepcumem
Poccuiickaa ®edepayus, Kpacnosapck

AHHoTanus. VccienoBana KOJUIOUIHAS YCTOHYMBOCTh HU3KOKOHIICHTPUPOBAHHBIX HAHOOMYJIbCUH
Ha OCHOBE TEXHHYECKOI'0 paricoBoro macia. B kauecTBe GpakTopoB, BIUSIONINX HA YCTOMYMBOCTH
JIMCTIEPCHBIX CUCTEM, PaCCMaTPHUBAIIM KOHIIEHTPAIIMIO MACIISIHOM (a3bl 1 TUI AMyJibraropa. KoHueHTpanus
paricoBoro mMacia Bapsuposanack ot 0,1 10 5 00.%. s crabuinn3anny SMyJIbCHH HCHOJIB30BaIN Span
60, PC-501 u xommepueckuii smynbrarop Aromashka. KosmtongHyro ycTOHYHBOCTD OLEHUBAIHA METOIOM
Turbiscan o npoduisiM npomyckanust 1 00PaTHOTO PacCEesTHUS CBETA,  TAKXKE 110 M3MEHEHHIO MHEKCa
ycroitunBocTH TSI Bo Bpemenu. [TokazaHo, 4To yBelTUYEHHE COCPKAHMS PAIICOBOTO Macaa IPUBOIUT
K pocty TSI, uTo cBHIETENIBCTBYET 00 YCHIICHUH TTPOLIECCOB IeCTAOMIN3AINH 1 CHIYKEHUH YCTOHYUBOCTH
HaHOAMYJIbCcH. Cpelln pacCMOTPEHHBIX 3MYJIBFaTOPOB HanboJiee BbIpaXKEHHOE CTaOUIN3UpYoLIee

nericteue posiui PC-501, niist koToporo HadmrOAaICs HAMMEHBITHH pocT nHAeKkca TSI Bo BpeMeHH.

KiroueBble ciioBa: HAHOOMYJIbCUH, KOJJIOUAHAA YCTOP'I‘IHBOCTL, KOHLCHTpAaLus, SMYJIbraTop, pariCoBoc

MaciJio.

Iuruposanue: Cxkopoborarosa A. /1., I'y3eit /1. B., Cre6enena O.I1., Munakos A. B. KoyutonHast ycToi4MBOCTh HH3KOKOH-
LEHTPUPOBAHHBIX HAHOOMYIIbCHI Ha OCHOBE TEXHHUYECKOro paricoBoro Macia. XKypa. Cub. denep. yu-ta. Xumus, 2026, 19(3).
C. 628-637. EDN: CZCZWQ

BBenenue

HU3KOKOHIIGHTPUPOBAaHHBIE SMYJIBCHH PACTHTEIBHBIX Maced MPEACTaBISIOT HHTEPEC Kak
KOJUIOMTHO-/IUCIIEPCHBIE CHCTEMbI, CBOMCTBA KOTOPBIX OIPEACISIOTCS COCTAaBOM MAaCisiHOM (a3sbl,
e KOHIIEHTpAIMeil U yCIOBUSAMHU CTaOMIU3alMUd Mex(pa3HOW rpaHulbl. B psge paboT mokasaHo,
4TO (PU3MKO-XUMHUYECKUE CBOMCTBA PACTUTEIBHBIX Macell U pa3Mep Karellb CyLUIeCTBEHHO BIIHSIIOT
Ha YCTOMYMBOCTH SMYJIbCHOHHBIX CHCTEM [1], a HCIONB30BaHNE MaJIbIX KOJIMYECTB JUCIICPCHOM Op-
raHuyueckoil (a3bl W 3MyJibraropa Mo3BOJISIET MOJIyYaTh TEXHOJIOIMYECKH MEPCIEKTUBHBIE HU3KO-
KOHLICHTPUPOBAHHBIC HAHOAMYJIbCHH [2]. Takue cucTeMbl MOTYT MCHOJIB30BAThCS B IpoLeccax, Ie
TpeOyeTcsl MOJTyUeHHEe YCTOHUMBBIX BOAHO-MACISIHBIX AUCHEPCHI MPU MUHUMAaIbHOM COJICPIKaHUU
OpTraHMYECKOH (ha3bl M CTAOMIIH3HPYIOMIIX J00aBOK.

OnHUM M3 NEPCHEKTHBHBIX HANPABJICHUIH IPUMEHEHUS HAHOIMYJIIbCHH SIBISIOTCS TEXHOJOTHH
yBenuueHns Hedreornaun. HaHOIMYIIbCHOHHOE 3aBOJHEHHE paccMaTpHUBaeTCs Kak crocod coBep-
HICHCTBOBAHMSI XUMUYECKHX METOJIOB BO3/ICHCTBHSI Ha IUIACT, IOCKOJIBKY TAKHE CUCTEMbI MOT'YT CO-

YeTaTh KMHETHYECKYI0 YCTOWYHBOCTH, YIIpaBisgeMoe MexX(a3zHOoe TOBEICHHE U PErylIupyeMble pe-
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onoruueckue cpoiicta [3]. [loBbleHre 3PPEKTUBHOCTH BBITECHEHUS HEPTH MPH HCIIOJIb30BaHUH
HAHOAMYJIbCUH CBSI3BIBAIOT CO CHIDKEHHEM MEX(a3HOTO HATSIKEHUsS, M3MEHECHHEM CMauynBaeMOCTH
MOBEPXHOCTH MOPOJIbl, IMYJIbIUPOBAHUEM OCTATOYHON HEPTH U yJIyUIICHUEM OXBaTa HOPUCTOM cpe-
JIbI BBITECHSIOITIM areHTOM. B CBSI3H C 3THM AJIs MPAaKTUYECKOr0 IIPUMEHEHHSI HAHOAMYJIbCUI MTPHH-
UITHAJIbHOE 3HAUCHHE UMEIOT YCTOIYMBOCTh JUCIIEPCHON CUCTEMBI, BEIOOp MacisiHON (a3bl U 1MOJ-
60p > dekTHBHOTO IMYITBraTOpA.

B 3TOM KOHTEKCTE 0COOBIN HHTEPEC MPEACTABIISIIOT HAHOIMYJIBCHH, B KOTOPBIX AUCIIEPCHOM (ha-
30M CIIy’KaT pacTHTEIbHbBIC Macia. B omuinune ot He(TAHBIX yIIIeBOXOPOAHBIX (PAKIHHA, pACTHTEb-
HBIE MAacJjia OTHOCSITCSI K BO30OHOBIISIEMOMY CBHIPBIO M MOTYT pacCMaTpUBaThCs Kak OoJiee IKOJIoruye-
CKH ITpHeMJIeMasi OCHOBA ISl OIYUYECHUS BOJHO-MACIISHbBIX quctepcnii. IX nmpuMeHeHne B cocTaBe
HU3KOKOHIICHTPUPOBAHHBIX HAHOAMYJICUH TO3BOJISIET CHU3UTh COJEpIKaHUE OPraHUYecKou (asbl
1 TIOBEPXHOCTHO-aKTHUBHBIX BEUIECTB IPH COXPAHEHHH (PyHKIMOHAIBHBIX CBOWCTB AMYJIbCHOHHOH
cucreMbl. J{Jis iporieccoB yBeianueHusi HepTeoTauu TaKkoil Monxo/| MpeacTaBiseT HHTepeC KaK Ha-
NpaBJieHHe pa3paboTKH Oojiee MATKUX XUMUYECKHX METO/IOB BO3JEHCTBUS, B KOTOPBIX MOBBIIICHNE
k03¢ duireHTa U3BJICUCHUST HEYTH MOXKET JJOCTUTATHCSI 32 CUET PETyJIUPOBaHMS MEK(Pa3HbIX CBOM-
CTB U YCTOMUYMBOCTH JTUCIIEPCHON CUCTEMBI [2].

JectaOunu3ainust SMyJIbCHOHHBIX CHCTEM MOXET IPOTEKAaTh 3a CUET MUTPAIMK Kallellb, arpera-
LIMH, KoaJleCUeHUMHU, co3peBaHust OcTBajbla U NocleAyouero pacciaoenus [4—6]. MHTEHCMBHOCTD
9TUX MPOIECCOB 3aBUCHUT OT KOHLIEHTPAIIUN MAcJIsTHOH (a3bl U 3pPeKTHBHOCTH CTAOMIN3ALUN MEXK-
(hazHOI rpaHMIBL: IPY YBEIMYECHUH COAEPIKAHUS Macia BO3pacTaeT cyMMapHas Mexx(das3Has IoBepX-
HOCTh M TOBBIIIACTCS BEPOSITHOCTh B3auMojeicTus Kamenb [7]. IloaTomy mopbop KOHIEHTpanuu
MacJia M THIIa SMYJIBraTopa sBIISETCS BAKHBIM YCIIOBUEM MOJTYUYCHHS yCTOWIMBBIX HAHOIMYJIBCHH.

JI1s OLIeHKHM yCTOMYHMBOCTH SMYJIBCHOHHBIX CHCTEM IIUPOKO MPUMEHSIOTCS ONTHYECKHUE METO-
JIbI, TIO3BOJISIONINE PETUCTPUPOBATh U3MEHEHHsI B 00beMe oOpasna 0e3 ero paspymenus [8]. Meron
Turbiscan ocHOBaH Ha aHaJIM3e MPOQUIICH MPOIYCKaHUsI K 00PaTHOIO PacCesiHuUs CBETA 110 BHICOTE 00-
paslia 1 Mo3BOJISIET OTCIIEKNUBATH ITPOIIECCHI pACcCIOCHHS BO BpeMeHH. [[puMenenue TaHHoTo oixoa
JUTSL OCHKH KOJIJIOWTHOM YCTOMYMBOCTH TEXHOJIOIMYECKUX JKUKOCTEel He(hTera3oBoro Ha3HaueHHs
MI0Ka3aHo, B YaCTHOCTH, Ha IIpUMepe MOAU(DUIIMPOBaHHBIX Tejel ruapopaspbiBa miaacra [9]. Komnye-
CTBEHHOW XapaKTEPUCTUKON dTUX M3MEHEHHIl ABIgeTCA HHAEKC ycTouuBocTH TSI, pocT KoTOporo
CBHJICTEJILCTBYET 00 YCHIJIEHHH MTPOLECCOB AECTaOMITH3aIHH.

Lens HacTOAIIEH PaOOTH — YCTAHOBUTH BJIHUSIHUE KOHIIEHTPAI[UU TEXHUYECKOTO ParicOBOro Mac-
Jla U THIIA 3MYJIBraTopa Ha KOJUIOWAHYIO yCTOWYMBOCTH HAHOIMYJILCHH IO IAaHHBIM aHAIIN3a IMpodu-

Jiel MpOMyCKaHus, 00paTHOTO paccessHus U uHaAeKkca yctoiuuBoctu TSI

MartepuaJibl U METObI

Obvexmpl uccie0o8ams

B kauectBe MacnsHON (a3bl UCIOIB30BaIM TEXHHYECKOE PAICOBOE MACIO C IJIOTHOCTBIO
928 kr/m3, BsazkocThio 67 MIla-c. COriacHoO JAHHBIM MPEIBAPUTENBLHON XapaKTEPUCTHKHU, PAIICO-
BOE Macio uMeso temmnepatypy nomytHenus 20 °C, remneparypy 3actbiBanus —27 °C, KHCIOTHOE
yucyo 5,88 mr KOH/r u temneparypy Bcubliky B 3akpeiToM Turie 199 °C. Takue 3HaueHus xa-
PaKTEpU3YIOT UCCIEAYEMOE MACIO KaK BBICOKOKUIISAIIMI MaJIOJIETYUYHil IPOAYKT, IPUTOJHBINA JJIs

NoJIy4YCHH A BOAHO-MACJISIHBIX JUCIICPCHBIX CUCTEM. B xauectBe OMYJbraTopoB (BM) HCIIOJB30BaIHN
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Span 60, PC-501 u sMmyasratop ¢ TOProBbiM HauMeHoBaHHEeM «Aromashkay». Span 60 oTHOCHTCS
K HEHOHHBIM 3MYJbIraropaM Ha ocHoBe 3(upos copburana, PC-501 u «Apomamka» paccmarpu-
BAJINCh KaK aJbTEPHATHBHBIC CTAOMIM3UpYIOIIHe 100aBKH I HaHOAIMYNbCcHil. Bo Bcex crmywasx
KOHIIEHTpalus sMmyisraropa cocrasisia 0,1 00.%, kpome Span 60, KOHIEHTpaKsI KOTOPOTO CO-

crasisiaa 0,1 macc.%.

Tonyuenue nanosmynvcuii

HanosMysnbcun mosyyaiau B 1B CTaJAHH: IPeBAPUTEIbHOE AUCIIEPIUPOBAHNE HA POTOPHO-
CTATOPHOM JIMCIIEpraTope U nocjieayomnas yibrpa3BykoBas o0padoTka. B kauecTBe qucrepcruoH-
HOM CpeJlbl UCTIOIB30BAIH BONY, B KaUeCTBE AMCIEPCHON (a3bl — TEXHUYECKOE ParcoBOe Macio.
Konuenrpanus macisinoit ¢asel Bappupoaiacs ot 0,1 10 5 00.%. [Ipu nonyyenuun smysabcuit 6e3
SMYJIBTaTOPa B AMCTHJUIMPOBAHHYIO BOAY ONYCKAJIHM AUCIECPrUPYIOMMH 3JIEMEHT M HpH Iepe-
MEIIMBAHNH KaNeJIbHO BBOJMIHN PACCUMTAHHOE KOJIMYECTBO pamcoBoro maciua. Ilocie BBeneHus
Macja CHCTeMY AHMCIEeprupoBaiu B TeueHue 10 MUH, 3aTeM HOJBEpraiu yJIbTpa3ByKoBOH oOpa-
6orke B Teuenue 10 muH. [{s amynbcuii co Span 60 3Mynbratop npenBapuTelbHO PACTBOPSIH
B paricoBoM Maciie mpu Harpesanuu 10 50 °C. Boxnyro a3y takxe repmocraruposanu go 50 °C,
YTOOBI IPEAOTBPATUTH OBICTPOE OXJIAXKIEHUE MACIISTHOU (a3bl npu BBeAeHUH. [loyueHHy0 Mac-
JIsHYIO (a3zy, conepkamryo Span 60, KaneiabHO J00aBISUIH B BOJY IPH NEPEMEIIMBAHNN Ha JUC-
nepratope. Jlanee smyabcuio obpabaTeiBasu 1Mo obuiei cxeme 10 MuH Ha mucueprarope u 10
MHH yJIbTPa3ByKoBOil o0paboTku. [Ipn ucnonbzoBanuu smynsraropos PC-501 n «Aromashkay
UX IpeIBapUTElIbHO BBOAMIM B BOAHYIO (pa3y. 3arem BOJIHYIO a3y ¢ IMYJIbraTOPOM IOMEIIAIH
Ha JIUCIIEPTraTop W INpHU NEepeMElIMBAaHUM KalelbHO N00aBIsLIM parcoBoe Macio. Ilocie 3Toro
o0pa3ibl TakKe JUcrneprupoBaiu B TedeHre 10 MUH U HOJBEpraiu yJibTpa3ByKoBoil 00padoTke
B Treuenue 10 muH (puc. 1).

Pasmep karmenpb aucnepcHoii (ha3bl OLIEHUBAIH C TIOMOIBI0 aKYCTHYECKOTO M AJIEKTPOAKYCTHYE-
ckoro ananu3atopa DT1202 (Dispersion Technologies, CIIIA). Mi3mepeHust MpoBOIMIN AJIs CBEXKe-

MPUTOTOBIICHHBIX HAHOAMYJILCHH TMOCTIE 3aBEPIICHUS YIBTPA3BYKOBOM 00pabOTKH.

Ouyenka KOLIOUOHOU YCMOUYUgoCmu

Komtonnnyio ycTOWYMBOCTE HAHOAMYJIBCHI OILEHMBAJIN C HCIOJIb30BAHMEM aHAJIN3aTOpa
Turbiscan LAB (Formulaction, ®panuus). [Ipunuun padoTsl mpudopa OCHOBaH Ha METO/E MHOTO-
KpPaTHOTO paccesiHus cBeTa. B Xxoze n3MepeHus perncTprupoBaii NpoQuv MporycKanus 1 00paTHoO-
ro paccesiHusi cBeta B OnmkHert MK-o6nactu npu nuiuae BosHbl 880 HM. J[Ba CHHXPOHHBIX OITHYE-
CKHX CEHCOpa M3MEpPsUIN NHTEHCUBHOCTH M3JIYUYCHHsI, TPOIIEAIIEro yepe3 odpaser, noa yriom 180°
K MaJaroeMy nydKy, 1 U3J1y4eHHs, PACCESIHHOr0 00pa3lioM B 00OpaTHOM HaIpaBJICHUH, 110]] YTIIOM
45° x nanatomemy nyuxy. CkaHIpOBaHNE TPOBOAMIIOCH TI0 BBICOTE NU3MEPUTEIIEHON BHAJIBL, TPHOOD
PETUCTPUPOBAJ 3HAYCHHUSI IIPOIYCKAHKS U 00paTHOro paccestHus [9]. s KoJMueCTBEHHOU OICHKHU
yCTOWYMBOCTH McTosb30Baiu uHaeke Turbiscan Stability Index (TSI), ocHOBaHHBIN Ha pacdeTe Ha-

KOIJIEHHOW CYMMBI OTKJIOHEHUH KaKJI0TO MOCIIEIYIOIET0 CKaHa OT MPEIbIAYIIero:

— Zzh|scani(h) — scan{i_l}(h)|
H )

i
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rae scani(h) u scan ;. (h) — 3HaUEHNS CHTHAJA MPOMYCKAHUS WM 0OPATHOTO PACCESHMSA Ha BBICOTE
A JUTsL TEKYILEro W MPEIbIIyIIero CKAaHOB COOTBETCTBEHHO, H — BbICOTA CTOJIOA )KHUJIKOCTH B U3ME-

putenbsHO Buase. Yem Hrke 3HaueHue TSI, TeM BbIlIe KOJTOWIHAS YCTOWYUBOCTh HAHOAMYJIHCHH.

Puc. 1. O6pa3nber HAHOAMYIBCUH € PaITICOBBIM MacioM (ClieBa HampaBo KoHIeHTparuu ot 0,1 10 5 06.%)

Fig. 1. Samples of nanoemulsions with rapeseed oil (from left to right concentrations from 0.1 to 5 vol.%)

Pe3yabTaThl M 00CyKACHUE

Jlist IOATBEPXKJCHUS TIOJIYy4YEHUs HAHOAIMYJIbCHOHHOW CHUCTEMbI OBLIO MPOBEIEHO HM3MEPEHUE
pacripeiesieHusl Kareib o pa3Mepam st oopasua ¢ 1 00.% pancoBoro macia, cCTadHIN3HPOBAHHOTO
0,1 06.% smyasraropa PC-501. ITo gaHHBIM aKyCTHYECKOTO aHAIH3a PACIPEIC/ICHUE Kaleab UMEJI0
OTHOMOJATHHBINA XapaKTep, a MaKCUMYM pacupenesieHus Haxoxmics B odmactu 0,007-0,008 mMxwM.
OcHOBHas 4acTh Kallellb pacnoniaraiach B auanazone mexee 0,1 MKM, 4TO oaTBepikaaeT GopMHpO-
BaHWE HAHOPA3MEpHOHU auctiepcHol da3pl. MHaeke monunucnepcHoctr coctaBmi 0,583, 94To ykasbl-

BAa€T HAa IOCTATOYHO HIMPOKOEC PACIIPEACIICHNUE KAIlCJIb 110 pa3sMepaMm.

Brnusuue KOHYernmpayuu pancoeo2co macia

Ha KOJATOUOHYIO YCTNOUYUBOCTD HAHOIMYIbCULL

J11s1 OLICHKH BJIMSIHUSI KOHIICHTPAIMK MACISTHOHM (pa3bl OBLIH UCCIIEA0BAHBI HAHOIMYJIBCUHU C CO-
JepKaHUEM TeXHHUYecKoro parcoBoro macia ot 0,1 mo 5 00.%. Metox Turbiscan mo3Boimi 3aperu-
CTPUPOBATh U3MECHEHHUE MPOQHICH IPONyCKaHMS 1 00PaTHOTO pacCesiHUS CBETA 110 BBICOTE 00pasia,
YTO OTPaXKAET MPOIIECCHI, MPOTEKAIIINE B 00bEMe IMYIBCHH BO BPEMCH.

Ha puc. 2 npencraBieHbl IpoQUIu MPOMYCKAHUS ¥ 0OPATHOIO PACCESTHUS ISl SMYJIbCUH C MU-
HHUMAaJIbHBIM U MAaKCUMAJBHBIM COZIEPIKaHUEM parcoBoro macia. J[iist o0pasia ¢ KOHIIEHTpaIuei Mac-
aa 0,1 00.% u3MeHeHus: mpoduiei BeIpaKEHbI Cl1a00, YTO YKa3bIBa€T HA OTHOCHUTEIIBHO BBICOKYIO
YCTOHYMBOCTH CHCTEMEI. [Ipu yBeNMYeHWH KOHIICHTpaluu Macia a0 5 00.% HabmromaroTcs Ooiee
3aMETHBIC H3MEHEHUsI Tpoduiicii, 0COOEHHO B 001aCTH OOPATHOTO PACCESIHUS, YTO CBHACTEIBCTBYET
0 Pa3BUTHH MPOLECCOB ACCTAOMITH3AIUN IMYITbCHH.

KonnuecTBeHHas oneHKa yCTOHYMBOCTH 1o HHAEKCY TSI Takke mokasana 3aBUCUMOCTH YCTOM-
YUBOCTHU HAHOAMYIIECUH OT comepikaHms MacistHOH (pa3pl. C yBelTHUeHHEM KOHIICHTPAIIHH PAIICOBOTO
Mmacia uaaeke TSI Bo3pacTtaet, 4TO yKa3blBaeT Ha CHUIKCHHME KOJUIOMIHOW YCTOWYHUBOCTH U yCKOPE-
HHE TPOLIECCOB PACCIOCHUS. BEposTHO, 3TO CBSI3aHO C YBEIWYCHHEM CyMMapHOU Mex(a3HOU mmo-
BEPXHOCTH U MOBBIIICHHEM BEPOSTHOCTH CTOJIKHOBCHHS Kallelb IIPU POCTE COACPKAHUS TUCIICPCHON

haszsr.
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Puc. 2. Tlpodunu nponyckaHus 1 00paTHOroO paccesiHus smyibeuii: a) 0,1 006.% parca; 6) 5 00.% parnca 6e3
smynbraropa; B) 0,1 00.% panca ur) 5 06.% parmca ¢ 0,1 macc.% Span 60

Fig. 2. Transmission and backscattering profiles of emulsions: a) 0.1 vol.% rapeseed; b) 5 vol.% rapeseed without
emulsifier; ¢) 0.1 vol.% rapeseed and d) 5 vol.% rapeseed with 0.1 wt.% Span 60
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Puc. 3. BiusiHre KOHIEHTpALMK Maclia Ha WHAEKC ycTonuuBoctr TSI

Fig. 3. The effect of oil concentration on the stability index TSI

Brusnue amynveamopa na ycmouuusocmes HaHOIMYAbCULL

J11s1 OLIEHKY BIUSIHUS CTAOMITM3UPYOLLeii 100aBKH ObIIHM UCCIIEI0BaHbI HAHOAMYJIBCHH C COJEP-
KaHHMEeM parcoBoro mMacia 1 00.% 6e3 amyasratopa u ¢ gobasiaennem Span 60, PC-501 u Aromashka
(puc. 4-6). Bo Bcex ciyuasix aHaJIn3 MPOBOJIMIIH 110 U3MEHEHHIO ITPOQHIIeH MPOITyCKaHUs U 00paTHO-

T'O paccedaHus, a TAKKE 10 AMHAMHKE NH/ICKCA TSI Bo BpCMCHU.
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[Mpodunn Turbiscan aiis 3MyJIbCUi C pa3IMYHBIMH AMYJIbraTOPAMU TOKA3bIBAIOT, YTO OCHOB-
HOE M3MEHEHHME CHTHaJIa IPOUCXOAMT B BEPXHEH M HMIKHEH YacTAX M3MEPUTENBHOH BHAJIBI. DTO
yKa3bIBaeT Ha IepepacupesesieHue JUCIepCHON (a3bl 10 BbICOTE 00pasla U Pa3BUTHE MPOLECCOB
JecTabuIIN3aliy, CBI3aHHBIX ¢ MUTPpaLUel Kaneldb H PacCOCHHEM dMYIIbCHH. [IpH 3TOM BbIpaKeH-
HOCThb W3MEHEHUH npoduiiel 3aBUCUT OT THIIA HUCIIONB30BAaHHOTO 3MyJjbraropa. Jlobasienue Span

60 (puc. 4) CHI)KAaeT HHTEHCUBHOCTH JIeCTA0MIIM3AIMH 110 CPAaBHEHHUIO ¢ aMynbeuei 6e3 ITAB. Oto
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Puc. 4. TIpodunu npormyckanus n 00paTHOTO paccesHUs HAHOIMYJIIbCHH ¢ 1 00.% pamncoBoro macna u 0,1 macc.%
Span 60

Fig. 4. Transmission and backscattering profiles of nanoemulsion with 1 vol.% rapeseed oil and 0.1 wt.% Span 60
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Puc. 5. IIpodunn npormryckanust 1 00paTHOTo paccessHUs HaHOAIMYIbeuu ¢ 1 00.% pancosoro macna u 0,1 06.%
Aromashka

Fig. 5. Transmission and backscattering profiles of nanoemulsion with 1 vol.% rapeseed oil and 0.1 vol.% Aromashka
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HPOSIBIISIETCS] B MEHbILEM pocTe nHaekca TSI Bo BpeMeHH, 4TO CBUCTEIbCTBYET O 3aMeJIJICHUH TIPO-
neccoB paccioenus. OgHako crabunnsupytomiee aeiicrsue Span 60 ObUI0 MeHee BEIPAaKEHHBIM, YeM
nericteue PC-501 (puc. 6).

HawuGouee ycTORYMBON Cpeln UCCIISIOBAaHHBIX CHCTEM OKa3ajach HAHOAMYIIBCHS, COICpIKalLas
PC-501 (puc. 7). JIns Hee HAOMIOAAIICS MUHUMAJIBHBIN pocT uHaekca TSI B TeueHue BCero BpeMeHu
n3MepeHus. D10 mokaspiBaeT, yto PC-501 Hambonee 3pQeKTHBHO CcTaOMIU3UpPYET MeK(pa3zHYyIo
IPaHUIly Maclio—BOJIa U 3aMEUISIeT MPOLIECChl MUTPALIMH, arperalnuy 1 KoajecleHIIMK Kanenb. M Hoi

xapakrtep m3MmeHenns TSI waOmomancs ans smyiascun ¢ Aromashka. B atom ciryyae uanexc TSI
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Puc. 6. IIpopunn npornyckanus u 00paTHOTO paccessHusI HaHOAIMYyIbcnuu ¢ 1 00.% pancosoro macna u 0,1 06.%
PC-501

Fig. 6. Transmission and backscattering profiles of nanoemulsion with 1 vol.% rapeseed oil and 0.1 vol.% PC-501
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Puc. 7. lnnamuxa n3menenus nuaekca TSI Hanoamynbenii ¢ 1 06.% parncoBoro macia B 3aBUCUMOCTH OT TUIIA
IMyJbraropa

Fig. 7. Dynamics of changes in the TSI index of nanoemulsions from 1 vol.% rapeseed oil depending on the type
of emulsifier

— 635 —



Journal of Siberian Federal University. Chemistry 2026 19(3): 628—637

BO3pacTan obicTpee, ueM s amysbcuit ¢ PC-501 u Span 60, a K KOHIlY 9KCIIEPUMEHTa IIPEBbIIIIA
3HAYEHUSI, [0y YSHHBIE /TSI CHCTEMBI 0€3 aMybraropa. Clie0BaTelIbHO, B BBIOPAHHOI KOHIIEHTPAILUU
nobasiienne amynbraropa Aromashka ve obecrieunBaiio 3ppeKTHBHOM cTaOMITU3AIMH HAHOAMYJIbCUU
parncoBoro macia (puc. 5). Takum 00pa3oM, CPaBHUTENBHBIN aHAJINU3 [MOKA3aJI, YTO THII IMYJIbraTopa

CYLIECTBEHHO BJIMSIET HAa KOJUIOUIHYIO YCTOMUMBOCTD HAHOIMYJIbCHIA (Ta0I. 1).

Tabnuna 1. 3aBucumocts nuaekca TSI HaHoOMybCcH ¢ 1 006.% parncoBoro mMacia OT THIIA IMYJIbraTopa

Table 1. Dependence of the TSI index of nanoemulsions with 1 vol.% rapeseed oil on the type of emulsifier

DMyJbraTop 3nauenue TSI
bez DM 2,11
Span 60 1,57
PC-501 0,87

Aromashka 2,59

[TomydeHHbIE pe3yJbTaThl MOKHO OOBSICHUTH OCOOCHHOCTSIMH CTaOMIM3aUU MeK(pa3HOU
T'paHUILBl B BOAHO-MACJ/IAHBIX HaAHOOMYJIbCUAX. HpI/I YBCIWUYCHUN COACPIKAHUA paricoBOro macijia
BO3pacTaeT CyMMapHas IUIOIIAJb MOBEPXHOCTH Kallelb AMCIEPCHON (a3l M MOBBIIIAETCS BEPO-
SATHOCTh MX CTOJIKHOBeHHUs. Eciin acopOIMOHHBII cllol AMyJibraropa HenocTarouHo 3ddexkTus-
HO TPEMATCTBYET COMMKECHHIO Kallellb, 3TO CIIOCOOCTBYET Pa3BUTHUIO arperalun U KOaJeCleHIUH.
pryHHCHI/IC Kamejib, B CBOIO 04Y€PE€Ab, YCHJIIMBACT UX MUT'PAIIUIO 110 BBICOTE 06pa3ua " IMPUBOJUT
K OoJiee BEIP@KEHHOMY PAcCIIOCHHIO AMYJIBCHH, YTO MposiBisieTcst B pocte nuaekca TSI. [Toatomy
camxenue TSI npu ncnonpzoBanun PC-501 MoxHO cBsi3aTh ¢ Oosiee d3pPpeKTUBHON cTaOUIM3aIH-
el Mexk(a3HOM rpaHUIIBl 10 CPABHEHHIO C IPYTHMH PAaCCMOTPEHHBIMH 3MYJIbIaTOpaMu, TOTIa KaKk
Aromashka B BbIOpaHHOH KOHLEHTpALMK He 00ecIiedynBala JJ0CTaTOYHOr0 3aMeIJICHH S IIPOLIeCCOB

JlecTaOMIIN3aIuu.

3akJoueHue

MeTtonom Turbiscan yCTaHOBJICHO, UYTO KOJJIOMIHAS YCTOMYMBOCTh HAHOAMYJIBCHII Ha OCHOBE
TEXHUYECKOTO PAICOBOTO Macia 3aBUCHT OT COACPIKAHMS MACISTHOH (a3bl M THIIA HCIOIB3YEeMOTO
SMyJIbraTopa. YBeJIMUeHUEe KOHLEHTpamuu pamncoBoro mMacia ot 0,1 1o 5 00.% mnpuBOIUT K pOCTyY
nHIekca TSI, 9To CBUAECTENbCTBYET 00 YCHIICHHUH MPOLECCOB ASCTAOMIH3AINN U CHIDKCHUH yCTOM-
YUBOCTU AMYJIbCUI.

BBenenne aMmysnpraropa mo3BoJisIeT 3aMEMIUTh ASCTAOMIM3AIUI0 HAHOAMYIBCHH, OJHAKO (-
(heKTHUBHOCTH CTAOMJIN3AIMH 3aBUCUT OT THMA 100aBKu. Cpeau pacCMOTPEHHBIX IMYJIbIATOPOB HAM-
OoJiee BRIpaskeHHOE cTadmIH3upytomiee neiicteue mpostBuin PC-501, mist aTol cucTemsl HabIrOgaICs

HauMeHbIINH pocT uHAekca TSI Bo BpemeHn.
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Abstract. A method for the quantitative determination of benzodiazepines (diazepam, alprazolam,
clonazepam, midazolam, hydazepam, phenazepam) in human blood plasma using high-performance
liquid chromatography with tandem mass spectrometry (HPLC/MS/MS) has been developed. Detection
was performed using a triple quadrupole mass spectrometer in multiple reaction monitoring (MRM)
mode with electrospray ionization (ESI). The calibration curves are linear in the concentration range
of 1-500 ng/ml, the retention times are between 5.3 and 6.2 minutes, and the total chromatographic
analysis time does not exceed 9 minutes. The influence of matrix effects on the accuracy of determination
has been shown, and the recovery rates range from 64 % to 86 %. This method allows for the reliable
determination of studied benzodiazepines in human blood plasma within the studied analytical range
and can be used for the detection and quantification of benzodiazepines in clinical, toxicological, and

pharmacokinetic studies.

Keywords: benzodiazepine, anastrozole, therapeutic drug monitoring, high-performance liquid
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Onpenesnenue 6eH301MA3eNNHOB B KPOBH

MEeTO/I0M TaHIEMHOIi MacC-CIEKTPOMETPHHU

N.U. Ky3semun?, A. H. UBanos®,

H.b. lllecronajosa®, U. 1. MupomHu4eHko?

“@I'BHY «Hayunwiti yenmp ncuxuueckoeo 300p08bsy
Poccuiickas @edepayus, Mockea

®Mocrosckuii ynusepcumem «Cunepausiy

Poccuiickas @edepayus, Mockea

‘CapamogcKuii 20cy0apcmeeHHblll MEOUYUHCKUL YHUBepCUmem
um. B. U. Pazymosckozo

Poccuiickas ®@eoepayus, Mocksea

AnHoTauus. PazpaboTrana MeTo/1Ka KOJIMYECTBEHHOT' O ONpe/iesieH s OEH30/1Ma3eMHOB (1H1a3ernam,
ajnnpasonam, KJIoHa3enaM, MU1a3oiaM, ruasenam, (heHasenam) B Iia3Me KPOBH YeJIOBEKa C TOMOIIBIO
BBICOKOA(D(hEeKTHBHOM KHIKOCTHON Xpomarorpaduu ¢ TaHIeMHOI Macc-criekTpomerpueii (BOXKX/MC/
MC). /leTekTHpOBaHKHE OCYIIECTBIISUIA HA TPOHHOM KBaJPyIOJIBHOM Macc-CIEKTPOMETPE B PeKUME
MOHHUTOPHHIA MHOKECTBEHHBIX peakinii (MRM) npu noHM3aIIMH METOIOM 3JIEKTPOPACTIBIIICHU S
(ESI). I'pagynpoBoYHBIEC 3aBUCHMOCTH JIMHEHHBI B Auana3oHe KoHeHTpauuid 1-500 ur/mi, Bpems
yAepKuBaHus — oT 5,3 10 6,2 MUH, 001Iee BpeMsi XpoMaTorpadguueckoro aHajanu3a He IPEeBbIIaeT
9 muH. [TokazaHo BIUsSHIE MAaTPUIHBIX 3((HEKTOB HA TOUHOCTH OMPEAEICHUS, 3HAUSHHSI CTEIICHH
M3BJICYEHU S BapbUPYIOT OT 64 10 86 %. JlaHHass MeTOAMKA MO3BOJISIET TOCTOBEPHO OMPENSIUTh
n3y4eHHbIe OCH30/IMa3eIMHBI B IUIa3Me KPOBH YEJIOBEKA B MCCIIEI0BAHHOM aHAJIMTHYECKOM JIHaIla30He
U MOKET OBITh MCIOJIb30BaHA JIJIsl OOHAPY KEHUS M KOJIMYECTBEHHOT0 onpeeneHus b3/1 B kKiimHuKo-

TOKCHKOJIOTHYCCKHUX U (ﬁapMaKOKI/IHeTH‘ICCKI/IX HUCCIICIOBaHUAX.

KuaoueBbie cioBa: 6€H30,Z[I/1336HI/IH, aHACTPO30JI, XpOMAaTO-MaCC-CIICKTPOMETPUS, )KI/I,E[KO(i)aSHaFI

SKCTpaKIHUS.

Huruposanue: Kyzpmun 1. W., Usanos A. H., llecronanosa H. b., Mupomnnuenko U. M. Onpenenenue 6eH301ua3enHOB
B KPOBU METOZIOM TaHJIEMHOI Macc-criekTpoMeTpuit. JKypH. Cub. denep. yu-ta. Xumus, 2026, 19(3). C. 640-650. EDN: BCMJOD

Beenenue

Benszonuaszenuns! (b3/1) BXoasaT B yncio Hanbonee pacpoCTPaHEHHBIX U YaCTO Ha3HAYaEMBbIX
nekapcTBeHHbIX npenapatoB (JIIT) Bo Bcem mupe [1, 2]. OHM NpUMEHSIOTCS B KauyecTBE aHTHICTIpec-
CaHTOB U TPAHKBUIIM3AaTOPOB, a TaKXKe 00JIaIal0T CIIOCOOHOCTHIO BBI3bIBATH CEATHBHO-TUITHOTUYECKHH
a¢pdexT. MuopenakcanTHoOe JeHiCTBHE TIO3BOJISET NPUMEHATH b3/l B KIMHUUECKOH NMPaKTHUKE MTPU
3a00JIEBAHUAX C MOBBIIICHHBIM MBIIIEYHBIM TOHYCOM H JUJIS JI€UeHHUs OOJIBHBIX C 3Muuencuei. B ka-
YECTBE YCIOKAUBAIOIIEr0 U CHOTBOPHOro cpenctsa b3]l Ha3Ha4aroTCsA B pa3IMYHBIX BO3PACTHBIX
rpyInax rnpu 0eCCOHHHIIE, BBI3BAHHON TPEBOI'OM HIJIM CTPECCOBOM CUTYyAIUe, 11l IpeMeInKaIuu

nepea MCAUIMHCKUMU ITPpOoUCAYypaMU, JICHCHU A a0CTUHEHTHOI O CHUHApPOMA IIPHU AJIKOI'OJIM3ME [3, 4]
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HecMoTpst Ha BBICOKY0 3 (PEKTHUBHOCTh U OTHOCUTEIbHYIO Oe3onacHocTh, b3/l xapakTepusyoTcs
JI0303aBUCHMBIM dPPEKTOM, a JOCTATOYHO HU3KASI CTOUMOCTH CIIOCOOCTBYET MX MIMPOKOMY PacIpo-
crpaHeHn0. OCHOBHYIO OMACHOCTH IPEACTABIISET UX OJHOBPEMEHHOE YyIOTPEOJICHUE C alIKOT0JIeEM,
npyrumu cenatuBHbIME JIIT, aHTHACTIpECCAHTAMU M HEHPOJICITHKAMU. YIIpaBIeHUE TPAHCIIOPTHBIM
CPEJICTBOM II0JI UX BO3/JIGHCTBUEM M YIIOTPEOICHUE B KAYECTBE HAPKOTUYECKUX CPEJICTB MOTEHIHAIBHO
MOJKET IIPUBECTH K Pa3IMYHBIM ITPABOHAPYIICHISM U IMPECTYIUICHUSIM. B CBS3H ¢ 3TUM JIeKapCTBEH-
HbII 000poT B3/l HaX0UTCS 11O MEXKIyHAPOIHBIM KOHTPOJIeM KOHBEHIMH IICHXOTPOITHBIX BEIIECTB.

B HacTosmee Bpems Ha pOCCHUCKOM (hapMaIieBTUIECKOM PBIHKE IpeAcTaBiIeHk 6oree 50 Topro-
BbIX HauMeHoBaHui JIIT mpousBonubix B3]l B TBepaoii (TabneTky) U KUIKOHM (pacTBOP I BHYTPH-
BEHHOT'O ¥ BHYTPHUMBIIIIEYHOT'O BBEIICHUS, 3aIICUYHBIN) JICKaPCTBEHHBIX (opMmax [5]. B knmuHHUeckon
NpaKTHKE MPUMEHSIOTCS ajpas3oiaM, KJIoHa3enaM, Muaa3oiaM U (eHaszenam u Jp., KOTOpbIE Xa-
PaKTEepU3YIOTCS XOPOIIeH OMOTOCTYTHOCTRI0. MakcuMaIbHas KOHIICHTPALHS B IIJIa3Me JIOCTUTACTCS
yepe3 1-4 gaca nmocie npuema BHyTps. [Ipemaparsl uHTeHCHBHO (80—97 %) CBSI3BIBAIOTCS C OCIKaMu
j1a3Mbl KpoBH [6].

Juist onipenenieHrst GEH30/1Ma3EUHOB HCIIOJIb3YETCS HECKOJIBKO MO/IX0/I0B, &8 UMEHHO — UMMYHO-
XUMHYECKUE METOJIbI, OCHOBAHHEIC HA CTICIN(UICCKOM B3aNMOACHCTBUY AaHTHTCHOB M aHTUTEN [7, 8],
XHMHUYCCKHUE METO/IbI, OCHOBAaHHBIC Ha aHAJIW3¢ MPOAYyKTOB ruaponusa [9, 10], u xpomarorpadudye-
CKHe METOJbI, OCHOBAHHBIC HA aHAJIM3¢ HMHTAKTHBIX BEIIECTB U MeTabomuToB [11, 12].

VIMMyHOXHMHUYECKHE METO/IbI IIPUMEHSIOTCS JIJIsl IKCIIPEcc-00HapyKEHHs 00IIEro collepKaHus
OCH30IMa3CIINHOB C UCIOIh30BaHUEM MMMYHHBIX METONOB (MMMyHO(pepMeHTHBIH aHamu3 (MDA),
umMmyHoxpomarorpapuueckuid ananu3 (MXA, Hampumep, TecToBble NOJNOCKH «MMyHOXpOM-
OCH30Ma3CITNH-3KCIIPECC ISl BRISBICHHUS OCH30Ma3eNUHOB B Mode U Ap.). [Ipu ucnons3oBaHuU
9TUX METO/IOB BO3MOXHbI KaK JIOKHOIOJIOKUTENIbHBIC, TAK U JIOKHOOTPULIATEIbHBIE PE3yJIbTaThl U3-
3a KPOCC-PEaKTUBHOCTH C APYTHMH BEIICCTBAMHU.

XuMu4eckuii aHasin3 OEH30/IMa3eUHOB IIPOBOIUTCS M0 MPOIYKTAM X KUCIOTHOT'O T'HJIPOJIH3a
B OM000pa3Iie (Kak MpaBuiIo, B MOUE) — aMHHOOCH30(DeHOHAM, C TIOCIIEAYIOIIEH X SKCTPaKIIUeH H Jie-
TEKTHPOBAHUEM C ITOMOIIBIO TOHKOCIOMHHON Xpomartorpaduu (TCX), ciekrpodoromerpuu, GOTOKO-
nopumeTpun. OTHAKO HEKOTOPBIE COSIUHEHUS IIPU THIPOIIH3E MOTYT JaBaTh H30MEPHBIC MITH O HA-
KOBbIE aMUHOOEH30()EHOHBI, BCJIEJCTBUE YEr0 WHAMBHyaJIbHAS HJICHTH(OUKALUS aHAJIN3UPYEMOTrO
rpenapaTa CTAaHOBHTCS HEBO3MOKHOM.

Hcnonp3oBanue Xxpomarorpaguueckiux METOIOB aHAIM3a M03BOJISIET OIIPEIeIIsiTh B Onoo0Opasie
WHIWBHUIYaTbHBIN TIpEapaT U MPOAYKTHI €To IMPeBpalleHuil B opraau3me. JlJIst 3TOro UCIob3yeTcs
Kak razoxujkoctHas xpomarorpadus (IKX), Tak u BbICOKOI(PPEKTHBHAS KUIAKOCTHASI XPOMATO-
rpadus (BOXKX). [Ipu 3TOM 3T METOIBI KOMOMHHUPYIOT C MacC-CIIEKTPOMETPHICCKUM JIETEKTHUPO-
BanueM — [JKX-MC u BDXKX-MC, urto noseimaer creuupuuHocTs ananuza. Clienyer OTMETHUTb,
4TO pa3pabOTaHHBIC METOJUKH IMPUMEHSIOTCS JIsi oOHapyskeHUs B3/ B Mode Wiy pa3muYHBIX TKa-
Hsix. [Tockonbky B kpoBu b3/] garie Bcero HaxosTCsl B 04€Hb HU3KMX KOHICHTPALMSIX, JOCTOBEPHOE
OIIpe/ICTICHIE COACPKAHUS C TOMOIIBIO ATUX METOJIOB 3aTPYIHCHO.

T'nobanpHast mpobiema 3noynorpedienust b3/l npuBena Kk TOMy, YTO UX ONpPEACICHUE B pas3-
JUYHBIX OMOJOTHMYECKHX M HEOMOJOTMYEeCKHX MaTpPUIAX MO-TMPEKHEMY MPEACTABISCT CIOXKHYIO
3a/auy Kak JUIsl KJIMHUYECKUX, TaK U Ui CyleOHO-MeqUIIMHCKHUX j1aboparopuii. [Ipu aToM KpoBb

(I/IJ'II/I CbIBOPOTKaA, UJIN rma3Ma) SIBIIsICTCS HanOoJiee BaXKHBIM 00BEKTOM JJIA OOCHKHU CTCIICHU MHTOK-
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cukaiuu. B cBs3u ¢ 3TuM aHanu3 cozepkanusi b3J1 B kpoBu BecbMa BOCTpeOOBaH B KIIMHUYECKOM
(hapMaKOKMHETHKE, TEPAIIeBTHIECKOM JIEKapCTBEHHOM MOHUTOPHHTIE, a TAK)KE B Cy1eOHON MeTUITNHE
u Tokcukosioruu [13, 14]. CrpykrypHoe pazHoodpasue bJI3 u Cli0)KHOCTh MATPUKCOB aHATU3UPYEMBIX
61000BeKTOB TpeOyeT pa3pabOTKM TOUHBIX M BOCIIPOU3BOANMBIX METOJIUK C IIPUMEHEHHEM BBICOKO-
TEXHOJOIMYHBIX THOPUIHBIX METO/IOB aHAJIN3a, CPEIIM KOTOPBIX 0CO00E MECTO 3aHMMAET METO]| BbI-
cok03(h(heKTUBHOM KHUAKOCTHON XpomaTorpaduu ¢ TaHIeMHOH Macc-criekTpomeTpueit (BOKX-MC/
MC). Pa3paboTanbl METOJUKH KOJTUYECTBEHHOTO ONpeaeiaeHus st nHauBuayansHeix B30 [15, 16].
HexoTopsle MeTonukn TpeOyIOT IPUMEHEHHS OOJIBIIOT0 YHCIIA IOPOrOCTOSIINX ASHTEPUPOBAHHBIX
BHYTPEHHHUX CTaHIAapPTOB, TPYIHOU B peau3aliy WK, HAIPOTHB, IPUMHUTHBHOHI ITPOOONIOATOTOBKH;
HMMEIOT JJTUTENIEHOE BPEMsI XpOMaTorpauecKoro aHaJin3a uiim 001ajaroT He0CTaTOYHON aHAIUTH-
yeckoi obsacteto [17—-19]. [locnenuuii KpuTepuit 0COOCHHO BaXKEH MPH MO00PE METOIUKH IKCTPaK-
LMH, TaK Kak ypoBeHb b3]] B 6M000beKTax 3aBUCHUT KaK OT J03bl, TAK U OT XapaKTEPUCTHK MallueHTa
U BHeIHUX GakTopoB. Ha 3¢h(hexTHBHOCTH M3BIICUCHUSI TAKIKE BIMSET MATPUIHBIN AP PEKT, KOTOPBIi
HE00XOIMMO YUHUTHIBATH IpH NpuMeHeHnn Metona BOXKX-MC/MC. B cBsi3u ¢ 3THM IETBI0 HCCIEI0-
BaHUs cTasia pa3paboTKka METOJMKHU KOJIMYeCTBEHHOT 0 orpenenenus b3/, npuMeHseMbIX B peajbHOM
KJINHUYECKOW MPAaKTHKE, B TOM 4Hcie oredecTBeHHBIX JIII, mo3Bosstroneil mpoBoAUTh 0OHApYKEeHNE

HECKOJIBKMX CO€IUHEHUH 3a OJIMH aHAJIUTUYSCKUN [TUKIJI.

3KcnepnmeHTaanaﬂ qacThb

B pabote ucnonbzosanu JIII rpynmner B3/1 poceniickux nponssoxureneii: auazenam (A311) n an-
npazonaM (AJIII) (AO «Opranukay), kionazenam (KJIO) u mumazomam (MU) (@I'YIT «O3HAO-
OAPMpy), runazenam (') u perazenam (PEH) (AO «BamenTta @apmy). Mcmonb3yembie pacTBOpH-
tenu: MeTHII-TpeT-0yTrioBklid 3¢pup (MTED) (TEDIA Company, Inc., CIIIA), MeTaHoJI, alle TOHUTPUI
(DIMA Technology Inc., CIIIA) n MypaBbuHasi KHCJIOTa UMEJIH CTEHEHb YUCTOTHI «iist BOXX».
B kaudectBe BHyTpeHHero ctangapta (BC) BeiOpan anactposon (AH). Jis co3manusi MOAEIBHBIX
00pa3noB «Imia3Ma KpoBU — JIGKAPCTBEHHBIN Mpernapar MCHoIb30Baach IJIa3Ma JOHOPCKOW KPOBH
(I'bY3 «entp kposu umenu O.K. I'apunosa», 'OCT 33674-2015).

Hcxonusie pactBopsl nHAuBHAYaTbHBIX b3/l 1 BC ¢ xoHmeHnTpamnuei 1,0 Mr/Mi TOTOBHIH pac-
TBOPEHHEM COOTBETCTBYIOIIEH CyOCTaHIIMU B METAHOJIE; XpaHUJIH 1pH Temreparype 4 °C 1 ucroib-
30BaJIM B TEYEHHUE MECSIIa OCJIE IPUTOTOBICHU . 113 KOMOMHNPOBAHHOTO PACTBOPA dTUX COCIMHEHUH
TOTOBHJIM IISTh CTAHAAPTHBIX 00Pa3I[0B MOCIEI0BATEIbHBIM pa3BeIeCHUEM METAHOJIOM C KOHLIEHTpa-
OHSIMU WHIWBHIYAJTbHBIX KOMIIOHEHTOB B quamaszoHax: 1-100 ar/mu (AJIII, KJIO, MU[); 2,5-250
ar/ma (IT'M); 5-500 ur/ma (311, ®EH). Oopaser konTposs kadectBa (QC) ¢ konueHTpanuen 300
HT/MJI TOTOBIUICS TIOOOHBIM 00pa3oMm.

Xpomarorpaduueckoe pazzenenue b3/] BbINOIHSIN C TOMOIIBIO XKUAKOCTHOTO Xpomarorpada
DionexUltiMate 3000 (ThermoScientific CIIIA), ocHameHHOTO Jera3aropoM, OMHAPHBIM HAcOCOM,
ABTOMH)KEKTOPOM, TEPMOCTATOM aBTOMH)KEKTOPA U MOAYJEM KOJOHOK, COBMEIIEHHOIO C KBaapy-
MoJIBHBIM Macc-criekTpomerpoM TSQ Quantiva (ThermoScientific, CIIA). J{nst paboTs! ncnonb30Ba-
JIM TeHEpaTop a30Ta BhicOKoi crernenu ynctoTsl Genius (PeakScientific, BenukoOpuranust) 1 ycTpoii-
cTBO /uIst nenonn3annu Boasl SimplicityUVSystem (Millipore, CIIIA). JlerekTupoBaHue MpoBOIUIH
B PEeKMME MOHHUTOPHHIa MHOKECTBEHHBIX peakiuii (MRM) ¢ ucnonbp3oBaHuEeM NepexonoB MPOTO-

HUPOBAHHBIX MOJIEKYJISIPHBIX HOHOB (PEXXHM HOJIOKUTEIBHON HOHU3aunn). [Ipu cOope naHHBIX Bpe-
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msi 3aaepkku (dwelltime) cocraBnsiio 100 Mc. AHanu3 XpoMaTOrpaMM OCYLIECTBIISUIH C TOMOUIBIO
nporpammHoro obecnedenns ThermoXcalibur; pacueT nokasareneit Basnganun — B Microsoft Office
Excel. YcnoBus xpomarorpaduueckoro pasaeiacuus 1 MC JIeTEeKTUPOBaHUsI MPUBEACHBI B Ta0d. 1.
[TapameTper MC-onpenenenns ONTHMHU3APOBAIHN 32 CUET BBEACHHS CTaHJIAPTHBIX PACTBOPOB aHa-
autoB 1 BC ¢ ucnonb3oBaHueM IIIPUIIEBOrO Hacoca. B kauecTBe MeTOa HOHM3AIMK HCIOIb30Ba-
mu anekrpopacneuieane (ESI). Ontumuzanus MC-neteknun Obuia yCTaHOBJICHA MPH HANPSKEHUH
anektpocupes 4000 B, remneparypax 333 u 350 °C 151 HOH-TpaHCHEPHOro Kamuuisipa U 000104ed-
HOT'O Tra3a COOTBETCTBEHHO. /laBieHHe 000JI04eYHOr0 (a30Ta) U BCIOMOTATEIIEHOTO (aproHa) ra3oB
ycraHaBiuBayiy Ha 30 U 15 OTH. /1. COOTBETCTBEHHO. AProH BBICOKOI YMCTOTHI B KAMEPE COyIapeHU i

Haxonuics rmox gasienuem 0,15 MIla.

Ta6nuua 1. [TapamMeTpsl XpOMATO-MAaCC-CIEKTPOMETPHYECKOTO OIpPe/IeICH S OCH301Ha3CTHHOB

Table 1. Parameters for chromato-mass-spectrometric determination of benzodiazepine

Xpomarorpaduueckue napameTpbt

XpomaTorpad Thermo Scientific UltiMate 3000

OmioeHT A 0,2%-i1 pacTBOp MypaBbHHOM KHUCIOTHI B JEMOHU3UPOBAHHON BOJIE
Omroent B Aneronutpun 100 %

XpomaTorpaduue-

Hypersil GOLD®, C 18, 50x2,1 mm, 3,5 MKkM
cKasl KOJIOHKa

Bpems, iH CKOpOCTh MOTOKA, % A % B
MKJI/MHUH
0 85 15
IIporpamma 05 65 35
a 2,0 15 85
rpajueHTa 250
5,0 85 15
7,0 85 15
9,0 85 15

IIpombiBKa UTIIBI o .
P MeTaHonoM nepes Ha4ajioM B MOABIKHOM (ha3oit (A+B)

HHXEKTOpa
Temneparypa
: 40
KOJIOHKH, °C
O06BeM BBOJIA, MKII 2

HapaMeTpLI MaCC-CIHEKTPOMETPUUYCCKOTO ACTEKTUPOBAHUA

Macc-crnekTpomerp Thermo Scientific TSQ Quantiva
HcTouHrK HOHOB ESI

Pexxum nonusanuu MTOJIOKUTEIbHBII
Temneparypa ucTOUHNKA HOHOB, °C 333

Hanpsokenue nonnsauuu, B 4000

JlaBneHue ra3a-3aBechl, psi 0,15

JlaBneHue raza-pacribuUIMTENs, psi 30

JlaBnenue raza-HarpeBaTens, psi 15

[orennman Ha BXozae B sueiiky coynapenuii (EP), B 24-35 (o xaxxporo b3J] pas3ublif)
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O6paboTKy OHONPOO MPOBOMMIM METOIOM KHUIKOCTHOW DKCTPAKIIUU ¢ MOAACPKKON. s
sroro 0,5 mu ninasmel pazdasmnsiiau 0,5 M1 BOABI, IEpeMENINBAIN Ha BUOpOBCTpsAXxuBaTene Vortex
u HaHocwiu Ha KapTpumku HyperselSLE. [larpoHsl Harpysaiu B T€YEHUE 5 MUH IPH MYJIbCH-
pylomieM BakyyMme. 3areM 00pasisl snronposanu 1 ma MTBD. Oprannueckuil cioil nepeHoCcuiIn
B IPOOMPKHU A BRIMAPUBAHMSA, SKCTPAKT BHICYIIMBAJIH MO BaKyyMOM B Toke a3oTa mpu 40 °C
Ha yCTaHOBKE JJISi KOHIEHTpHpoBaHus 1mpo0. Cyxol ocTaTok pacTBOpsuIH B 250 MKJI ITOJIBHX-
HOW (ha3bl, MOMENIAIN B BHUAIbI IS aHAJIM3a U JajibHeHIero nHxekrupoBanus B BOXX-MC/
MC-cuctemy.

Banunanuio METOAMKY ITPOBOJUIN B COOTBETCTBUH C TPEOOBAHUSIMH K OMOaHAIUTHYECKUM Me-
TOJaM, pa3pab0TaHHBIM B YIIPABICHHH 110 KOHTPOJIIO KQUeCTBa MTUIIEBBIX MPOAYKTOB M JEKAPCTBEH-
HbIX cpeacTs CIIIA [4].

O dexT BAMSHUSA MATPUIBI HA HOHU3AIMIO NCKOMBIX BEIIECTB OLEHHBAJIN IIyTEM CPAaBHEHUS
IUIONIA I MMKOB KaKI0T0 M3 aHAJIMTOB B 00pa3Iie M1a3Mbl C IIJI0IAASIMHU TUKOB, [0y YSHHBIMH 115
9THUX K€ BEIIECTB B MOABMKHOHN (pase. KoHTpoabHBIE 00pa3nbl MIa3Mbl, UCIIOJIb3YEMbIE B 9TOM HC-
CJIeIOBAaHUH, — YETHIPE pa3IMIHbIe TPOOKI MJIa3Mbl TOHOPCKOU KpoBU. Eciin cooTHOIeHne ObLI0 <85
nnu >115 %, To mpeanonarain HaTM4YKUe 3K30I€HHOT0 MaTPUYHOTO 3 deKTa.

Jluist onpeziesieHrs quana3oHa JIMHEHHOCTH UCTI0JIb30BAJIM CTaHJapTHbIE 00pas3iibl HA MSITH YPOB-
HSX KOHLEHTpanuil. [IpaBUIBHOCTS M TOYHOCTH METOJa B Ipejesax ofHoro aHs (intra-day) onenn-
BaJIM Iy TEM aHalln3a YeThIpeX KOHTPOJIbHBIX 00pa3ioB (QC) cMecu aHAINUTOB ¢ KOHIIeHTpanueit 300
Hr/MI. Jl1st KpuTepusi OTKJIIOHSHUH 3HAUEHHUH JUIsl TOUHOCTH M ITPABUIIBHOCTH UCTIONB30Baiu 15 Y%-i
WHTEPBAJI OTKJIOHEHUI OT peajlbHbIX 3HAYECHUM.

CreneHp KUIKOCTHOM SKCTPAKIMU Ka)XJOTO M3 ONPENeNISIEMBbIX BEIIECTB OIEHUBAIH ITyTeM
CPaBHEHHUS CPEIHUX IIOMIaAel UX MUKOB, MOCJIE aHAIN3a CTAHIAPTHBIX 00pa3loB KOHTPOJSA Kade-
CTBa, MOJBEPrHYTHIX MPOIEAype MPOOONOATOTOBKH, OMUCAHHON BBIIIE, CO CPEAHUMH IUIONIAISIMH
MUKOB CTAaH/IAPTOB B METAHOJIE B TEX jK€ KOHLEHTPAIHIX.

Jlnst onpeneneHns YyBCTBUTEIBHOCTH HCIIOIB30BAIM CaMyl0 HU3KYIO0 KOHLIEHTPAIUIO aHAJIN-
TOB, IIPY KOTOPOH MPAaBUIBHOCTD M MPELU3MOHHOCTH OB MEHbINE UK paBHBI 20 %, a COOTHOIIEHNE

curnaia k mymy (S/N) 6s10 >10.

Pe3yabTaThl M 00CyKAEHUE

Hccnenyemble coeqUHEHUsT XapaKTEPU3YIOTCs CXOKEH XMMHUYECKOH CTPYKTYPOH U UMEIOT 00-
A KOHAEHCHPOBAHHBIA (PparMeHT I'eTePOLUKINYECKOr0 JUA3EeIMHOBOIO U OCH30JIBHOIO KOJIEI.
C pu3HKO-XMMHUYECKOI TOUKH 3PEHU ST OHH SIBIISIFOTCS JIMNODUIBHBIMH COSTUHEHUSIMU C OTHOCHTE b~
HO BBICOKHMY KOX(PUITUCHTAMHE pacIIpeeICHIs OKTaHONI-Boaa (puc. 1).

OnTuMalibHOe XpoMaTorpaduieckoe pas/esieHlue aHaJIUuTOB ObLJIO JIOCTUTHYTO MPH HCIOIb30-
BAHMM IpaJiMEHTHOro pexxuma Juis aneronutpuna 100 u 0,2 %-ro BogHOro pacTBopa MypaBbUHON
KHCJIOTBI M CKOPOCTH MOJBIXHOW (azbl 0,25 mi/munH. OOuiee BpeMs: pasliesieHHs] CMECH U3 ILECTH
CTPYKTYPHO-POJICTBEHHBIX aHAJINTOB HEe mpesbimano 10 MuH, a cpeguee Bpems ynepxusanus (RT,
MUH) coctaBuio: 6,22 (JI3I1), 5,89 (AJIII), 5,90 (KJIO), 5,34 (MU ), 6,19 (PEH), 5,46 (I'1[J). [Tomy-
yeHHble 3HadeHus: RT cormacyroTes ¢ nmuTepaTypHBIMH JaHHBIMH, B KOTOPBIX BPEMsl yJICPKHBaHH
Bappupyetcs oT 4,5 10 11 munyT [6]. Ha puc. 2 B kauecTBe mpuMepa mpeacTaBICHbI XPOMAaTOI PAMMBbI

cMmecu uccienyemsix b3/1.
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Puc. 1. CtpyxTypHbBIe (POPMYIIBI HCCIEAYEMbIX OCH301Ma3CTUHOB

Fig. 1. Structural formulas of the benzodiazepines studied
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Puc. 2. Xpomarorpammel uccienyembix b3/]

Fig. 2. Chromatogram of the BZD studied

JUist KaKJI0r0 COEAMHEHUS OINPE/CICHbl XapaKTePUCTUYECKUE MOHBI, SHEPrHsl (pparMeHTalK
JUTs aHaTUTOB coctaBmiia 99,5 B. CooTBeTCTBYIONIME 3HAYECHU ST M/Z HOHU3NPOBAHHBIX MOJIEKYJI, 3Ha-
yeHnus dHeprun croikHoBeHuit (CE) npusenensl B Tabi. 2. [lonyueHHble 3HaYeHUsT M/Z ObLIM HC-

1101630BaHbl st MC-1eTeKTHPOBaHMS B PEXKMME MOHUTOPUHI'a MHO>KECTBEHHBIX peakunii (MRM).
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Ta6numna 2. [Tapamerpst MC-netektupoBanus b3/l B pexxuMe MOHUTOPHUHTA MHOYKCCTBCHHBIX PEaKIIUi

Table 2. Parameters of MS detection BZD in multiple reaction monitoring mode

AmnHanut MRM nepexon, m/z CE, B
JI3I1 285,0—193,2 32
AJIIT 309,1-281,1 24
KJIO 316,0—270,0 24
MU/ 326,1-291,3 28
Tnuna 388,8—299,0 35
®EH 349,0—-18,.0 41

AH 294,1-225,1 35

VYcraHoBIEHB! AMaNa30Hbl JIMHEHHOCTH OTKJIMKA JAeTekTopa 1is ucciaenyembix b3J[. C nomo-
IIBI0 PETPECCHOHHOTO METOJa TOJIYyYEeHbl COOTBETCTBYIOIIHME YpPaBHEHUsI JTUHEHWHOW 3aBUCHMOCTH
MEXIYy KOHICHTPAUSIMHU aHAJTUTOB B Auamna3one oT 1 mo 500 HI/MJI ¥ OTHOIICHUEM ILTAIIAH ITHKa
BC u ananura B KanuOpoOBOYHOM 00Opasie. YpaBHEHHS KaJIHMOPOBOYHBIX I'Pa)MKOB MPEICTABICHBI
B Tabn. 3. [IpaBMIIBHOCTE ONPEICIICHUS OICHIUBAIN HA YSTHIPEX YPOBHSAX KOHICHTPALHHA aHATHTOB
B ATAJIOHHBIX 00pasuax koHTpoiis kadectBa (QC) B cpaBHEHMHU ¢ BHYTpeHHUM ctanmaprom (AH).

Cpe,I[HI/IC 3HA4YCHUSA OTKJIIOHCHUS KOHHCHTPALUMKU OT HOMHWHAJBHOI'O IJIs1 BCEX B?)I[ HE MPCBLIIIAOT

npuemiemoro kputepus B 20 % (tadm. 3).

Ta6muua 3. [IpaBUIBHOCT METOAMKHU HCCIEAYEMBIX OCH30IMA3CTHHOB

Table 3. The correctness of the methodology for the benzodiazepines studied

Homunanenas KOHILCHTpAalusd aHaJiuTa, HI/MJT

5,00

75,0

150,0

300,0

AHanuT, ypaBHEHHE KaTMOPOBOYHOMN 3aBUCUMOCTH, R?

Jwnas

cram

y=0,011x + 0,126; (R2= 0,992)

CpenHsisi KOHIEHTpalUs HalileHHas, HT/MJI 6,1 79,2 140 304
Ortkionenue, % 18 5 7 16
AHanut, ypaBHeHHE KaauOPOBOYHOI 3aBHCUMOCTH, R? Auprpasonaam

y=0,0010x— 0,0051; (R?= 0,995)
CpeHsisi KOHIIGHTPALVS HaiiiIeHHasT, HT/MJI 5,9 77,6 139 270
Ortxkionenue, % 15 3 7 10
AHanuT, ypaBHEHHE KaIMOPOBOYHON 3aBUCUMOCTH, R? Knonazenam

y=0,0012x—0,0081; (R2= 0,9951)

CpenHsisi KOHIGHT ALV HaliIeHHAsT, HT/MJI 4,9 82,3 157 266
OTkionenue, % 2 9 4 11
AHanut, ypaBHEHHE KaauOPOBOYHOI 3aBucUMOCTH, R? Muna3zonam

y=0,0034x+ 0,016; (R?>= 0,987)
CpenHsisi KOHICHTpALUs HaliIeHHas, HT/MJT 6,0 91,0 165 346
Ortxknonenue, % 17 18 9 13
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Table 3. Continued

AHanuT, ypaBHEHHE KaIMOPOBOYHON 3aBUCUMOCTH, R? ®DeHazemnam
y=0,00060x— 0,0020; (R?>= 0,986)
CpenHsist KOHIICHTpAIUs HaliIeHHAs, HT/MJT 5,1 80,1 156 243
OTtknonenue, % 2 6 4 19
AHanuT, ypaBHEHHE KaIMOPOBOYHOMN 3aBUCUMOCTH, R? I'mpazenam
y=0,000050x— 0,00020; (R%2= 0,928)

CpenHsist KOHICHTpAHsI HaliIeHHas!, HI/MII 6,0 70,0 162 367
Ortxkiionenue, % 17 7 7 18

Tabauua 4. Matpuunslii agpdekr u crenens usnedeHus (R%)

Table 4. Matrix effectand Extraction rate (R%)

Anamur 3(1)(1)6KT0 il;i?:;:;gl IMnomanp nuxa | Ilnomans nuka Crenens
MaTpuubl, % SexT (MaTpuma) (6;ank) u3BnedeHus1, R%
J3I1 76 Ja 22195 16118 69 %
AJIIT 82 Ja 2190 1638 67 %
KJIO 88 Her 7453 4314 86 %
MU/ 90 Het 12680 7613 83 %
OEH 57 Ja 1990 1211 82 %
rma 71 Ja 1926 1489 65 %

3HaYeHHUST MATPUIHOTO 3P PeKTa U CTSNCHU U3BJICYCHUS yKa3aHHI B Ta0l. 4. BnusHIe KoMITO-
HEHTOB B aHAJIMTaxX Ha pe3ysbraThl aHajiu3a b3/l nokazano conocrasinenuem curnaia b3/ B oOpasie
C CHTHAJIOM B 3TaJIOHHOM pPacTBOpeE.

Pe3ynbTaThl MCCIEMOBaHUS CBS3aHBl ¢ HENOCTATKAMU MYJIBTHUKOMIIOHEHTHOTO aHanu3a. [lo-
nydeHHble naHHble o ['MJ] u ®EH momyepkuBaroT Ba)KHOCTH 00s3aTEIBHON OIIEHKH MAaTPUYHBIX
3¢ dexToB u 3GHEKTUBHOCTH IKCTPAKIUHU IS KAXKJOr0 aHaJWTa B XOAC Baluganuu mertona. Jis
MTOBBIIIICHHSI TOYHOCTH OTIPEACTICHIS dTUX COSIMHEHN Y Heo0X0uMa JaTbHEHIIas ONITUMH3AIUS [TPO-

00NOArOTOBKY ¢ MUHMMHU3ALMeH MaTPUYHOr0 AP PeKTa HiIh 3aMEHON IKCTpareHTa.

3akjrouenne

Pa3paboTana aHamMTHYECKasi METOJUKA KOJTMYECTBEHHOT'O ONPECIICHNS TPU COBMECTHOM IIPH-
CYTCTBHU LIECTH CTPYKTYPHO-POACTBEHHBIX NPOM3BOAHBIX OeH30AMAa3eNn1Ha (Juas3enama, ajimnpaso-
Jama, KJIOHa3emama, MAa3o1ama, Tuaa3enama, peHazenama) merogom BOXKX/MC/MC.

Meroauka codyeraeT B cebe BBICOKYIO 4yBCTBUTEILHOCTH (IIpeaei oOHapykeHus: oT 1 Hr/mui)
1 DKCIIPECCHOCTh — BPEMs aHaJIN3a HE MPEBBIACT 9 MHH, YIOBJIETBOPSCT TPEOOBAHUSIM IO MOKa-
3aressiM Celu(pUUHOCTH, JIMHEHHOCTH B aHaJUTHYecKoM auarnazone 1-500 nr/miu. PazpaboranHas
METOAMKA MOXET OBITh MCIIOJIb30BaHA B PYTHHHOW MPAKTHKE KOJIMYECTBEHHOTrO onpezaeneHus b3/

IIpU aHAJINU3EC UX COACPIKAHUA B KPOBHU IMAIIUCHTOB.
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Abstract. A novel, robust, and rapid reverse-phase ultra-performance liquid chromatographic (RP-
UPLC) method was developed and validated for the quantification of Nicardipine Hydrochloride (NCD),
a dihydropyridine calcium channel blocker. The chromatographic separation was achieved within a
2-minute runtime using a Waters Acquity UPLC system equipped with a BEH C 18 column (50 x 2.1
mm, 1.7 pm). Isocratic elution was performed with a mobile phase comprising phosphate buffer and
methanol in a 20:80 (v/v) ratio, at a flow rate of 0.2 mL/min and column temperature maintained at
30 °C. Detection was carried out using a photodiode array (PDA) detector set at 237 nm, with NCD
exhibiting a retention time of 1.2 minutes. The method was validated in accordance with ICH Q2(R 1)
guidelines, demonstrating excellent linearity, precision, accuracy, specificity, and robustness across the
validated range. Forced degradation studies under various stress conditions confirmed the method’s
stability-indicating nature, with clear resolution of NCD from its degradation products. The method also
demonstrated analytical sensitivity with an LOD of 0.10 pg/mL and an LOQ of 0.30 pg/mL. The proposed
UPLC method is highly suitable for routine quality control analysis of Nicardipine Hydrochloride in
bulk and pharmaceutical dosage forms, offering significant advantages in terms of speed, sensitivity,
and reliability.

Keywords: Nicardipine Hydrochloride, RP-UPLC, Stability-Indicating Method, ICH Validation,
Antihypertensive Agent.
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Pa3paborka u Bajauganms OLICTPOro MeToaa
onpenesieHus cradmibHocTu RP-UPLC

AJISi HHKAPAMIIUHA THAPOXJIOpHIa

Manoax xanas?, HlanTtuaan Paron?,

IMynam Kacsan®, Illaiiiaa Ixorpe®

“Hayunwiii konnedre Munrunoa

Aypaneabao, Maxapawmpa, Unous

*Unocenepuvwiii konneoxne Emapameaovr Mumpwer Manoana
Ilyna, Maxapawmpa, Unous

SKonneoc uHceHepHbIX HaAYK

Ilyna, Maxapawmpa, Hnous

AnHoTtauus. bein pazpaboTaH U anmpoOUpPOBAaH HOBHIM, HAJACKHBIH U OBICTPHIN METON
BBICOKOA((DEKTHUBHOM KHUJKOCTHOM Xpomarorpaduu ¢ ooparHoi (a3oii sl KOJTUYECTBEHHOTO
OIpEe/ICNICHN s HUKAPAUIINHA THAPOXIJIOPUAA, TUTHAPOIHPHINHOBOTO OJI0KATOPA KaJIBIUEBBIX KaHAJIOB.
XpomaTorpaduueckoe pasJiesieHne IPOBOUIIOCH B TeYEHHUE 2 MUHYT C HCIIOJIb30BAHUEM CHCTEMbI
Waters Acquity UPLC, ocnamennoii kononkoit BEH C 18 (50 x 2,1 mm, 1,7 Mxm). M30kpaTndeckoe
AJI0MpPOBaHUE TPOBOJMIN NOABHKHON (a3oi, comepxaiieit pocharusiit Oydep u metanon
B cootHomeHun 20:80 (o o0bemMy), mpu ckopocTu moToka 0,2 MJI/MHH U TeMIepaType KOJIOHKH,
noaaep:xuBaemoit Ha ypoBHe 30 °C. JleTeKnno NpoBOAMIIN C UCIIOIB30BAaHUEM JIETEKTOPa Ha OCHOBE
(hoTOAMOAHON MATPHIIBI, YCTAHOBJIEHHOTO Ha 237 HM, IIPH 3TOM BpeMsl yIep>KaHHS HUKAPAUITHA
THAPOXJIOPUA COCTABIANO 1,2 MUHYTH. MeTox OBl BATUAMPOBAH B COOTBETCTBUHU C PEKOMEHJALUAMU
ICH Q2(R 1), nponemMoHCTpHpPOBaB JINHEHHOCTH, TOYHOCTb, BOCIIPOM3BOJUMOCTD, CIIEM(PUIHOCTD
M HaJIeKHOCTh BO BCEM IIPOBEPEHHOM JHana3oHe. 3HAaYeHUs IIpejiesia 00HapyKEHUs U npejena
KoJu4YecTBeHHOTO omnpenenenus cocrasunu 0,10 n 0,30 MKr/Ma cooTBeTCTBEHHO. MccnenoBanus
10 IPUHYUTEIBHOMY Pa3pyIICHHIO B PA3JIMYHBIX CTPECCOBBIX YCIOBUSX MOJTBEPIUIN CTAOUIBHOCTD
METO/1a, C YeTKUM OTJIMYNEeM HUKapAUIINHA THAPOXIIOPHUIA OT IPOAYKTOB ero pacrnazia. [Ipemnaraemsrit
METO/] XOPOIIIO MOJXOANT AJIsI PyTHHHOTO aHalM3a KOHTPOJIS KaueCTBAa HUKApAUIINHA THIPOXJI0pHIa
B CyOCTaHIIMM ¥ TOTOBBIX JIEKAPCTBEHHBIX (pOpMax n oOecrieunBacT CyneCTBEHHbBIE TPEUMYIIIECTBA

B CKOPOCTH, YYBCTBUTECJIBHOCTU U HAJIC)KHOCTH.
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KoueBble cjioBa: HUKapAUIKUHA THIPOXJIOPHUI, BEICOKOI(D(HEKTUBHAS KUKOCTHASE XpoMaTorpadusi,

MCTOJ OIIPpCACICHUL CTa6I/IJ'IBHOCTI/I, ICH Bajnganud, aHTUTUTICPTCH3UBHOC CPEACTBO.

BbuaaronapnocTu. ABTOpHI BEIpaXkaroT npusHaTesnbHoCcTh A-py C. . Parxony (kadenpa xumun, Milind
College of Science, Aypanra0an) 3a moaIepXKy U Hay4HOE pyKoBoacTBo. Ocobast 6s1aronapHoCTh
uccienoBarenbckomy neHTpy Wockhardt Research Centre 3a mpenoctaBnenue o0pasna HUKapIuIInHa

ruapoxJiiopuja, MCIIOJIb30BAHHOTO B JAHHOM HCCJICIOBAHUH.

Iutnposanne: Manomxk xanas, llantunan Paron, [Tynam Kacsawn, [laiina J{xotpe PazpaboTka u Banumanus ObICTpOro
Mmertoza onpeeneHus crabuapHocTn RP-UPLC nnst Hmkapaununnaa rugpoxiopuia. XKypa. Cub. denep. yn-ta. Xumus, 2026,
19(3). C. 651-665. EDN: BOCNZR

Introduction

Nicardipine Hydrochloride (NCD) is a dihydropyridine calcium channel blocker chemically
described as (¥)-2-(benzyl-methyl amino) ethyl methyl 1,4-dihydro-2,6-dimethyl-4-(m-nitrophenyl)-
3,5-pyridinedicarboxylate monohydrochloride [1-4]. Its molecular formula is C26H20N3O0¢-HCI with a
molecular weight of 515.99 g/mol Clinically, NCD is prescribed to manage hypertension and angina
by inhibiting calcium influx in vascular smooth muscles, resulting in vasodilation and reduced cardiac
workload [5—8]. Uncontrolled hypertension can lead to severe complications including heart failure,
myocardial infarction, kidney damage, and cerebrovascular accidents [9—12]. Most calcium channel
blockers (CCBs), including amlodipine, felodipine, and nicardipine, belong to the dihydropyridine
subclass [13—16]. NCD exerts its pharmacological effect by blocking calcium entry into smooth muscle
cells of arterial walls [17-20]. This blockade prevents muscle contraction, thereby promoting vasodilation
and lowering blood pressure [21-23]. The drug is available in both immediate- and extended-release
oral formulations (20 mg, 60 mg) and as an injectable form (10 mg/10 mL). It is characterized by rapid
absorption, extensive tissue distribution, and high plasma protein binding (~95 %) to albumin and
alpha-1-acid glycoproteins [24]. NCD undergoes extensive hepatic metabolism to active and inactive
metabolites, including debenzylated and dehydro-nicardipine. It has a bioavailability of 35 %, a plasma
half-life of 8.6 hours, and is primarily excreted through the urine (~60 %). The drug has a pKa of 8.18
and is classified as hydrophilic [25-28].

A review of existing literature reveals limited analytical methods for the quantification of NCD.

Previously reported RP-HPLC methods have been developed for either single or simultaneous drug

Fig. 1. Chemical structure of Nicardipine Hydrochloride
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determination in plasma or dosage forms [29-31]. However, these methods typically require a minimum
runtime of 5 minutes and employ gradient elution. To date, no stability-indicating RP-UPLC method has
been reported for the assay of bulk NCD in an isocratic mode with a runtime shorter than 5 minutes.
To address this gap, we report a validated, rapid, isocratic RP-UPLC method with a 2-minute runtime
for the accurate, robust, and stability-indicating assay of NCD. This method is designed for routine use

in pharmaceutical quality control laboratories and manufacturing environments.

Experimental-Materials and Methods

Chemicals and Reagents

Nicardipine Hydrochloride (NCD) was received as a gift sample from Wockhardt Research Centre,
India. HPLC-grade acetonitrile and methanol were purchased from Merck Life Science Pvt. Ltd.
(Mumbai, India). Analytical reagent (AR) grade chemicals, including potassium dihydrogen phosphate,
hydrochloric acid, sodium hydroxide, and hydrogen peroxide, were also obtained from Merck. Nylon
syringe filters (0.2 pum) were procured from Advanced Micro Devices Pvt. Ltd., and ultrapure water

was obtained using a Millipore purification system (Millipore Inc., USA).

Chromatographic Conditions

The chromatographic analysis was performed on a Waters Acquity UPLC system equipped with
a binary solvent manager, sample manager, column heater, and photodiode array (PDA) detector. Data
acquisition and processing were managed using Empower software. Separation of NCD was achieved
on a Waters Acquity BEH C 18 column (50 mm X 2.1 mm, 1.7 pm particle size) under isocratic elution
with a mobile phase comprising 0.01 M potassium dihydrogen phosphate buffer and methanol (20:80,
v/v). The flow rate was maintained at 0.2 mL/min, the column temperature at 30 °C, and the injection
volume was 1 pL.. The PDA detector was set at 237 nm for quantification, while scan mode (200—400

nm) was used for degradation profiling and peak purity analysis.

Preparation of Solutions

A 50:50 (v/v) mixture of buffer and acetonitrile was used as the diluent for standard and sample
preparation. The final concentration of NCD was prepared at 100 ug/mL. All solutions were filtered
through a 0.2 um nylon syringe filter, discarding the initial 2—3 mL of filtrate.

Method Validation

The method was validated in accordance with ICH Q2(R 1) guidelines for the following parameters:

specificity, linearity, precision, accuracy, robustness, ruggedness, and solution stability [32].

Forced Degradation Studies

To assess the stability-indicating capability of the method, forced degradation studies were conducted
on the NCD bulk drug under various stress conditions recommended by ICH:

Acid and Base Hydrolysis: Samples were refluxed with 5 mL of 0.1 N HCI and 0.1 N NaOH,
respectively, at 80 °C for 1 hour.

Oxidative Stress: Samples were treated with 5 mL of 5 % hydrogen peroxide solution at 80 °C

for 1 hour.

— 654 —



Journal of Siberian Federal University. Chemistry 2026 19(3): 651-665

Thermal Stress: Samples were kept at 105 °C for 24 hours.

Photolytic Degradation: Samples were exposed to light equivalent to 1.2 million Lux hours.

All degraded samples were diluted to a final concentration of 100 pg/mL and analyzed using the
developed UPLC method. The PDA detector was used to evaluate peak purity and confirm the absence
of co-eluting degradation products.

System Suitability

System suitability was evaluated as per USP guidelines by determining parameters such as
retention time,% relative standard deviation (RSD), theoretical plate count, and tailing factor. Results

are summarized in Table 2.

Precision

Method precision was evaluated by analyzing six replicate preparations of the sample. The% RSD
of assay values was calculated to assess repeatability. Chromatograms and results are presented in Fig.
7 and Table 3.

Accuracy

Accuracy was assessed via recovery studies by spiking known amounts of NCD at 50 %, 100 %,
and 150 % levels of the target concentration (100 ug/mL) in triplicate. Mean recovery percentages and

data are reported in Table 3.

Linearity

Linearity was established across five concentration levels ranging from 50 % to 150 % (w/w) of the
target concentration. Calibration curves were plotted, and linear regression analysis was performed.

The slope, y-intercept, and correlation coefficient were calculated. Results are reported in Table 3.

Limit of Detection (LOD) and Limit of Quantification (LOQ)

The limit of detection (LOD) and limit of quantification (LOQ) of the proposed RP-UPLC method
were determined according to ICH Q2(R 1) guidelines using the signal-to-noise approach. The LOD
and LOQ corresponded to signal-to-noise ratios of approximately 3:1 and 10:1, respectively. The
calculated LOD and LOQ values were 0.10 pg/mL and 0.30 pg/mL, respectively, demonstrating the
excellent sensitivity of the developed analytical method.

LOD =3.30/S. i )

LOQ=106/S...cccoieiiiiiiiiiiiiiiiiiiiiinnee (2)
where o is the standard deviation of the y-intercepts of the regression lines and S is the slope of the
calibration curve. The calculated LOD and LOQ values confirmed the high sensitivity of the proposed
analytical method.

Robustness
Robustness was assessed by varying key method parameters: flow rate: +10 %; column temperature:

+2 °C; organic composition of the mobile phase: +2 %; detection wavelength: £2 nm.

The method remained unaffected, confirming its robustness (Table 3).
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Solution and Mobile Phase Stability

Stability studies were conducted for both sample and mobile phase over 16 hours at ambient
temperature. The% assay of NCD was calculated at specific time intervals. The results confirmed the

stability of the sample solutions and mobile phase (Table 3).

Results and Discussion

Chromatographic Optimization

The method development began by evaluating retention behavior of NCD on reverse-phase UPLC
columns using phosphate buffer and methanol as mobile phase components. Due to NCD’s weakly
acidic nature (pKa ~8.18) [19], initial trials showed high retention and asymmetric peaks at lower
methanol concentrations. By optimizing the methanol content to 80 %, a sharp, symmetrical peak
(symmetry factor ~1.0) and retention time of 1.2 minutes was achieved. Final conditions included 0.01
M potassium dihydrogen phosphate buffer: methanol (20:80, v/v) as mobile phase, 0.2 mL/min flow

rate, and detection at 237 nm.

Forced Degradation

Significant degradation was observed under oxidative stress (5.1 %), while only minor degradation
was observed under alkaline (2.2 %) and photolytic (0.2 %) conditions. No measurable degradation was
observed under the applied acidic, thermal, or humidity stress conditions. The negligible degradation
under acidic conditions may be attributed to the relatively mild hydrolysis conditions (0.1 N HCI, 80 °C
for 1 h), which were insufficient to induce significant decomposition of Nicardipine Hydrochloride. Peak
purity analysis confirmed that the analyte peak remained spectrally pure under all stress conditions,
confirming the stability-indicating nature of the method (Table 1; Fig. 2—4).

Acid Degradation Study: Under the applied acidic stress conditions (0.1 N HCI at 80 °C for 1
h), no significant degradation of Nicardipine Hydrochloride was observed. Although dihydropyridine
derivatives are generally reported to be susceptible to acid-catalyzed degradation, the extent of

degradation depends on several experimental variables, including acid concentration, exposure time,

Table 1. Forced Degradation Data of Nicardipine Hydrochloride

% Degradation Purity Purity
0,
Parameters /o Assay (@) Angle (b) | Threshold (©)

Control sample 100.1 NA 0.038 0.252
Acid Degradation (0.IN HCI, 1 hr) 100.4 0.0 0.039 0.253
Base Degradation (0.1N NaOH, 1 hr) 98.2 2.2 0.039 0.252
Peroxide Degradation (5 % H20-, 1 hr) 95.3 5.1 0.059 0.262
Thermal Degradation (105 °C, 24 hrs) 100.1 0.0 0.041 0.247
Photolytic Degradation (1.2 million 99.9 0.2 0.038 0.250
lux, 22 hrs)
Humidity Degradation (25 °C/95 %
RH, 48 hrs) 100.1 0.0 0.038 0.252

Notes: (a)% Degradation = 100 —% Assay; (b) Peak purity passes if Purity Angle < Purity Threshold; (c) Evaluated using PDA
detector (Empower Software)
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Fig. 2. Typical UPLC chromatogram and purity profile of Nicardipine Oxidation Stressed sample

temperature, and formulation characteristics. In the present study, the selected stress conditions
were sufficient to evaluate the specificity of the developed method but did not produce measurable
degradation of the analyte. Furthermore, the PDA peak purity analysis confirmed that the Nicardipine
peak remained spectrally homogeneous (Purity Angle < Purity Threshold), indicating the absence of
co-eluting degradation products and demonstrating the stability-indicating capability of the developed
RP-UPLC method under the investigated acidic stress conditions.

Among the applied stress conditions, the highest degradation was observed under oxidative stress
(5.1 %), whereas acidic, thermal, and humidity stress conditions produced negligible or no measurable
degradation. These findings confirm that the developed RP-UPLC method is capable of specifically
detecting Nicardipine Hydrochloride in the presence of degradation products generated under different
stress conditions.

System Suitability — System suitability parameters met USP acceptance criteria, ensuring

consistent chromatographic performance (Table 2; Fig. 2 and 3).

Precision and Accuracy

Precision analysis yielded%RSD values well within acceptable limits, demonstrating
reproducibility. Accuracy was confirmed through recovery studies, with recoveries ranging between
98 %—102 % across all spiking levels (Table 3 and Fig. 7).
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Fig. 3. Typical UPLC chromatogram and Purity profile of Nicardipine acid Stressed Sample

Table 2. System Suitability Data

Parameter/ Retention Time Capacity Factor USP Tailing Factor | No. of Theoretical
Compound (min) (k") (T) Plates (N)
Nicardipine (NCD) 1.2 0.57 1.29 13,885

Linearity- The linearity of the proposed RP-UPLC method was evaluated over a concentration
range corresponding to 50—150 % of the target assay concentration, namely 50, 75, 100, 125, and
150 pg/mL. The calibration curve exhibited excellent linearity with a slope of 15,373, an intercept of
—7,852, and a correlation coefficient (r) of 0.99995, demonstrating a strong linear relationship between
concentration and peak area (Table 3).

Robustness and Stability- The method remained robust under slight variations in chromatographic
conditions. Both sample solution and mobile phase were stable for at least 16 hours at room temperature
without significant changes in assay values, confirming their stability (Table 3).

The developed RP-UPLC method exhibited excellent analytical sensitivity withan LOD 0f 0.10 pg/mL
and an LOQ of 0.30 pg/mL. These low values indicate that trace levels of Nicardipine Hydrochloride
can be reliably detected and accurately quantified. The results further demonstrate the suitability of the

proposed method for routine quality control, stability studies, and pharmaceutical analysis.
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Fig. 4. Typical UPLC chromatogram and Purity profile of Nicardipine Basic Stressed Sample
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Fig. 5. Typical UPLC chromatogram of Blank

Comparison with Published Methods

Several chromatographic methods have been reported for the determination of Posaconazole
(PSC) in pharmaceutical and biological matrices (Table 4). The RP-HPLC method reported in the
Posaconazole Study [33] employed a mobile phase consisting of acetonitrile and 0.5 % acetic acid
water (55:45, v/v), providing a short retention time and excellent sensitivity with LOD and LOQ values
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Fig. 6. Typical UPLC chromatogram, Purity profile and UV spectra of Standard Solution

Table 3. Summary of Method Validation

Sr. Validation o
No. Parameter Acceptance Criteria Result
o ; P >
1 SYSt?H.I % RSD for Nicardipine peak area < 9% RSD = 0.33 %
Precision 0.73 %
2 xztcl;;in % RSD of six results < 2.0 % % RSD = 0.36 %

3 | Specificity

No peak should elute/interfere at
retention time of analyte.

No interference observed. Peak purity passed
(Purity Angle < Purity Threshold).

Range: 50—150 pg/mL (50 %, 75 %, 100 %,

4 | Linearity Correlation coefficient (r) > 0.99 125 %, 150 %); Slope = 15,373; Intercept =
-7,852; r=0.99995
a) No interference from blank/ a) No 1nterf§rence
Forced placebo b) Peak purllty P asssed
> Degradation |b) Peak purity passes ©) l?egliadatlon: Acid 0.0 %, Base 2.2 %, .
¢) Degradation < 15 % Oxidative 5.1 %, Thermal 0.0 %, Photolytic
- 0.2 %, Humidity 0.0 %
50 % Level: Mean = 100.4 %, RSD = 0.25 %
6 Accuracy Recovery 98.0-102.0 %; Overall% 100 % Level: Mean = 99.7 %, RSD = 0.21 %
(Recovery) |RSD<2.0% 150 % Level: Mean = 100.0 %, RSD =0.12 %

Overall Mean = 100.1 %, RSD = 0.35 %

— 660 —




Journal of Siberian Federal University. Chemistry 2026 19(3): 651-665

Table 3. Continued

Sr. Validation o
No. Parameter Acceptance Criteria Result
7 1S\t1211:11 htti}é;l Sample: Difference <2.0 % Sample stable for 14 hrs 20 min; Standard
Solut}ilon Standard: Similarity factor 98—102 % |stable for 13 hrs 45 min at 25 °C (auto-sampler)
Stability of | No physical change; System NO, ph?f§1cal changes Ob.s erved. System
8 . e suitability passed. Mobile phase stable for
Mobile Phase | suitability should pass
2 days at room temperature.
System suitability should pass; Parameters (flow rate, column temp, pH,
9 |Robustness | Overall RSD with method precision | organic composition, wavelength) within limits;
<2.0% Overall RSD passed
System All system suitability parameters . . .
10 Suitability should comply as per methodology Complies with all specified parameters
Limit of
11 | Detection Signal-to-noise ratio > 3:1 LOD =0.10 pg/mL
(LOD)
Limit of
12 | Quantifica- | Signal-to-noise ratio > 10:1 LOQ =0.30 pg/mL
tion (LOQ)
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Fig. 7. Typical UPLC chromatogram, Purity profile and UV spectra of Sample
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of 0.16 and 0.50 pg/mL, respectively. The method was recognized for its green analytical approach,
cost-effectiveness, and suitability for routine quality control applications. Garcia, Costa and Mendez
(2012) [34] developed a stability-indicating RP-HPLC method using methanol-water (75:25, v/v)
as the mobile phase. The method exhibited a retention time of 8.5 min and demonstrated excellent
accuracy, precision, and robustness. Furthermore, it effectively separated degradation products from
the parent drug, making it suitable for stability studies and routine analysis of Posaconazole. Bayat
et al. [35] reported an RP-HPLC method for the quantification of Posaconazole in plasma samples.
The method achieved a retention time of 8.2 + 0.2 min and a low LOQ of 50 ng/mL, indicating
high sensitivity for bioanalytical applications. The method showed recovery values greater than
98 % and was successfully applied in pharmacokinetic and nanomicelle studies. Machine learning-
assisted optimization further enhanced method performance and reliability. In the present work, a
rapid and sensitive RP-UPLC method was developed using acetonitrile and 0.1 % orthophosphoric
acid buffer as the mobile phase. The method achieved chromatographic separation within 2.0 min,
with a retention time of only 1.2 min, significantly reducing analysis time compared to previously
reported methods. The method exhibited excellent linearity over the concentration range of 50—
150 pg/mL (r = 0.99995), with lower LOD (0.10 pg/mL) and LOQ (0.30 pg/mL) values than most
reported methods. These findings demonstrate the superior sensitivity, rapidity, and suitability of
the developed RP-UPLC method for routine quality control and stability-indicating analysis of

Posaconazole in pharmaceutical formulations.

Conclusion

A novel, rapid, and stability-indicating RP-UPLC method was successfully developed and
validated for the assay of Nicardipine Hydrochloride in bulk drug form. The method achieves baseline
resolution within 2 minutes using isocratic elution, with excellent specificity, precision, accuracy,
linearity, robustness, and stability, per ICH guidelines.

The short runtime and high sensitivity make this method highly suitable for routine quality control
and stability testing in pharmaceutical laboratories. Moreover, solution stability of 16 hours enhances

its applicability in high-throughput environments.
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Abstract. The transformations of resin-asphaltene components of heavy crude cracking products under
conditions simulating in-situ hydrothermal upgrading were studied. It was found that the depth of
resin and asphaltene transformation increases with increasing process duration and temperature. The
presence of water slows down reactions that lead to the formation of gaseous by-products (a reduction of
up to 44 % rel.) and, as a result, to the accumulation of oils. Optimum process conditions are achieved
at a temperature of 300 °C, a duration of 24 hours, and a water: oil ratio of 3:7. It is shown that, with
the specified aquathermolysis parameters, the total content of high-molecular components (resins and
asphaltenes) decreases by almost 32 % rel. The patterns of change in the calculated structural-group
characteristics of average resin and asphaltene molecules indicate the intensification of condensation
reactions. In particular, their acceleration is indicated by the enlargement of individual structural blocks
of resin and asphaltene molecules up to 12 hours, including an increase in the number of aromatic rings,
as well as the number of sulfur atoms and carbon atoms in aliphatic fragments. Subsequently, the largest
resin and asphaltene molecules are sequentially transformed into densification products, the yield of
which does not exceed 0.38 % by weight after 24 hours of aquathermolysis. After this, the molecular
weight of the “newly formed” resin-asphaltene components, the number of aromatic and naphthenic

rings, and the number of heteroatoms in their structure decrease.

Keywords: heavy oil, hydrothermal upgrading, aquathermolysis, resins, asphaltenes, structural group

parameters.
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Biausinue ycJji0BUii THAPOTEPMAJIBLHOIO BO3ACHCTBUA
HA CTPYKTYPHBbIE NPEBPALLIEHUS CMOJI
U achajbTEeHOB THAXKeJI0H HePTH

MaiiopoBCKOIo MeCTOPOKACHUS

X.X. Ypazos®?, FO. A. CBupuenxo?®, H. H. CBupuienko?
“Uncmumym xumuu nepmu Cubupcroeo omoenenus PAH
Poccuiickas ®eoepayus, Tomck

®Tomckutl 20cydapcmeennvill yHusepcumem

Poccuiickas ®eodepayus, Tomck

AHHOTanus. V3y4eHs! mpeBpameHns CMOIHCTO-ac(albTCHOBBIX KOMITOHEHTOB IIPOIYKTOB KPEKIHTa
TSDKEJION He(DTH B YCIIOBUSIX, MOJISITUPYIOIINX BHYTPUILIACTOBOE FHIPOTEPMaIbHOE 00JIaropakuBaHue.
YCTaHOBIIEHO, YTO C POCTOM MPOJOKATEIHFHOCTH U TEMIIEPATyPBI IIPOIIecca yBEIIHINBACTCS TITyOHHA
Tpancdopmalu cMol U achansTeHoB. [IprcyTeTBrE BOJBI IIPU ATOM CIIOCOOCTBYET 3aME/IJICHUIO PEAKIIH,
MIPUBOMSIINX K 00pa30BaHUIO MOOOYHBIX ra3000pa3HBIX MPOTYKTOB (CHHKEHHE COCTABIACT 0 44 % OTH.)
U, KaK pe3yJIbTarT, HAKOIJIEHHIO Macen. ONTHMasbHbIe YCIOBHUS PACCMAaTPUBAEMOTr0 MTPOLECCa JOCTUTAIOTCS
mipu temneparype 300 °C, mpogomKuTeTbHOCTH 24 yaca 1 COOTHOLIEHHH «Boja: HedTh» 3:7. ITokasaHo,
YTO MPH YKa3aHHBIX MapaMeTpax aKBaTepMoiIn3a CyMMapHOe COAECPKaHHE BHICOKOMOJICKYIISI PHBIX
KOMITOHEHTOB (CMOJI 1 ac(haIbTeHOB) CHUXKAETCS 1MOoYTH Ha 32 % OTH. 3aKOHOMEPHOCTH W3MCHCHHUS
pacueTHBIX CTPYKTYPHO-TPYIIIOBBIX XapaKTEPUCTHK YCPEIHEHHBIX MOJIEKYJ CMOJI U ac(haibTeHOB
CBHJICTEIBCTBYIOT 00 HHTCHCH(PUKAIIUH pPeaKIINi KOHJICHCAIINH. B 9acTHOCTH, HA UX YCKOPCHUE
yKa3bIBaCT YKPYIHEHUE OTACABHBIX CTPYKTYPHBIX OJIOKOB MOJICKYJI CMOJI U ac(hajbTeHOB 10 12 d,
BKITFOYAIOMICE YBEIMYCHUE YHCIIa apOMATUIECKHUX KOJICIl, a TAK)KE YHCIIa aTOMOB CEPhl U aTOMOB
yriepona B anudaruieckux Gpparmentax. /lanee Hanbosiee KpymHbIC MOJICKYIIBI CMOJI M ac(haibTCHOB
MIOCJICIOBATEIBHO TPAHC(POPMHUPYIOTCS B IPOILYKTHI YIUIOTHEHUS, BBIXOJ KOTOPHIX He mpeBbimaeT 0,38 %
Mac. rocJje 24 4 akBaTepMoIIn3a, IIociie Yero MOJIeKyJIsipHas Macca «HOBOOOPa30BaHHBIX» CMOJIHMCTO-
ac(haIbTCHOBBIX KOMIIOHCHTOB, YHCJIO ApOMATHYECKUX U HAQTCHOBBIX KOJICI] H YUCIIO TeTEPOATOMOB

B UX CTPYKTYpPE€ CHIKAIOTCSL.

KarueBrble ciioBa: Tskenas He(i)TB, TUAPOTEPMAJIBHOC O6HaFOpa)I<I/IBaHI/Ie, AKBaTCpMOJInN3, CMOJIEI,

acQaJIbTeHbI, CTPYKTYPHO-TPYIIIIOBBIE TapaMeTpPHI.
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BBenenne

Hcromienue 3amnacoB Jerkux Herell yCUIIMIIo 3aBUCUMOCTb BCel HE(TSIHOW OTPACIIU OT TSIKEIbIX
He()Tel KaK OT aJIFTEPHATUBHOTO HCTOYHNKA YTIIEBOAOPOAHOTO ChIPhs. OIHAKO SKCIITyaTaIis TAKHX
He(Tel OCIOKHSIETCS] BBU/LY X BBICOKHX BS3KOCTH M INIOTHOCTH, O0YCIIOBJICHHBIX OOJIBIIMM COAEPIKaHUEM
cmort u acanbsreHoB [1]. [IpuMenenue TpaMInOHHBIX METOIOB OOBIYH TP pa3paboTKe MECTOPOXKACHUH
TSDKEJBIX HeTeld okasbiBaeTcsi Masiod(pEeKTHBHBIM, COOTBETCTBEHHO, BHUMAHKE UCCIIE/IOBATEIEH B Ha-
CTOsIIIIEe BPEeMSI HaIlpaBJIEHO Ha CO3/IaHNE HOBBIX M COBEPILICHCTBOBAHHE CYIIECTBYIOIINX «TPETUIHBIX)
CII0CcO00B JI00BIYHN TAKOTO YIJIEBOIOPOIHOIO ChIPhS — TEPMHUECKUX, XHMUYECKHUX U Ta30BbIX [2-3]. Hau-
6ostee 3PPEKTUBHBIMU M3 HUX OKa3bIBAIOTCSI TEPMUYECKUE METO/IbI, @ MMEHHO 11apOrpaBUTAIIIOHHBIN
npenax (SAGD) u nuknngeckas mapoBasi 00paboTka, KOTOPBIE YIyUIIAIOT BA3KOCTHO-TEMIIEPAaTypHBIE
XapaKTEepUCTUKH HEPTH y:ke mpu Temieparypax 200-300 °C, MuHHMU3MpYs 00pazoBaHue Kokca [4—6].

Jluist noBeinieHust 3pGeKTHBHOCTHU MapOTEIIIOBOH 00padOTKH YaCTO UCIIOIb3YIOT KaTaJlu3aTopbI
Ha ocHoBe nepexonHbix MeTasnoB (Ni, Co, Fe u 1p.), criocoOCTBYIOINE CHUKEHUIO BI3KOCTH TSKEIIOH
HedTu Ha 80 % 3a cyeT rIyOOKOM NeCTPYKIIUU CMOJI 1 ac(halibTCHOB U, KaK Pe3yJibTaT, 00pa3oBaHus
JETKUX yTi1eBoopooB [7—11]. CooTBeTCTBEHHO, aKTYaJIbHOMU SIBIIsIETCS pa3padOTKa HEOPOTHX KaTa-
JIM3aTOPOB aKBATEPMOJIN3a, CIOCOOHBIX IPPEKTUBHO pa3pylIaTh CMOJIBI U acajbTeHbl 0e3 ObICTPOi
JIe3aKTUBAINH, 3aMeJIJIsIs TIPH 9TOM KOKCOOOpa3oBaHHE.

HccnenoBanne HanpaBJIeHHOCTH TpaHc(hOpMaIMU CMOJI U ac(halibTeHOB B MOJO0HBIX MPOIEC-
caxX HEOOXOMMO JUISl OIPEAETICHNSI BO3MOXKHOCTH M IOHUMAHUS «MEXaHU3Ma» CHIDKEHUS BSI3KOCTH
Y IJIOTHOCTH TSDKEJIOTr0 HE(TSHOTO ChIPhs YiKe Ha drare Jo0br4r. Lleas paboThl — U3yUnTh BIMSIHUE
AKBATEPMOJIH3a TSDKEIOH HE()TH B YCIIOBUSX, MOJICJIMPYIOIINX BHYTPUILIACTOBBIC, HA COCTAB MTPOIYK-

TOB 00JIAarOPAKUBAHKS U CTPYKTYPY UX BHICOKOMOJICKYJISIPHBIX KOMIIOHCHTOB (CMOJI ¥ ac(aIbTCHOB).

BKCHepl/IMeHTaJI])HaSI JacThb

Mamepuanvl u MemoObl UccIe008aHU

OOmBexT ucclienoBanus — Tsokenas Hetbs MakiopoBckoro Mectopoxaenust (Camapckast 00J1acThb)
C BBICOKHUM cozepkanueM cMol (29,0 % mac.), achansrenos (12,0 % mac.) n cepsl (Sosw = 5,50 % Mac.)
(tabu. 1). Ilepen uccienoBanuem HeTh MPEABAPUTEIHLHO 00E3BOKHBAIN — OCTATOYHOS COACPIKAHUE
Bozbl He npesbiaet 0,15 % mac.

KpexkuHr TsoKesol He)TH IIPOBOIMIIU B 3aKPBITOM peakTope 06beMoM 12 cM? mpu TeMmeparypax
250 u 300 °C n mpomospkuTensHOCTH mponecca 6, 12 u 24 4. KonnuectBo 3arpyxaemoil HepTH
cocraniisuio 6 r. MojeimpoBaHue napoTersioBoi 00paboTku (THAPOTEPMAILHOT0 00Iaropak iBaHu 1)
TSDKEJION He(TH BKIIIOYAIO €€ aKBAaTEepPMOJIHM3 B AHAJOTMYHBIX IPUBEICHHBIM BBIIIE YCIOBHSIM.
CootHoleHue «Bojma: HeGTh» MpU 3TOoM coctaBisio 3:7 [9]. HauajapHOe maBiieHHE B KaXIOM

skcriepuMenTe — 10 aTm., cpena — a3or.
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Tabnumna 1. XapakTepucTuka TsoKesnoi HeTu MaifopoBCKOro MECTOPOK ICHHUS

Table 1. Characteristics of heavy oil from the Mayorovskoye field

BemecrBennslii cocras, % Mac. Sos DpaKUOHHBIH cocTaB, % Mac.
TToka3zarens o b
Macna Cmombl | AcanmbTeHs %0 Mac. HK-200 °C | 200-360 °C | HK-360 °C
3HaueHue 59,0 29,0 12,0 5,50 13,4 28,4 42,0

MarepuaJibHBI 0aJ1aHC KPEKUHTA OLIEHUBAJIH [0 BBIXOY ra3000pa3HBIX, JKUIKAX U TBEPABIX
nponykroB. Ilox «TBepabIMH TPOAYKTAMHU» MOAPA3yMEBAIOTCS KOKCOMOJOOHBIE MPOIYKTHI
YIUIOTHEHUS, HEPAaCTBOPUMBIE B MOJISIPHBIX OPTaHUYECKHX PACTBOPHUTENSAX (Hajiee — KOKc). Borxon
ra3000pa3HbIX IPOLYKTOB OIIPEAEIISIIH [0 TIOTEPE MACChl PeaKTOpa ¢ 00pa3LoM IIOocIe 1era3upOBaHuUsL.
Kunkne mpomyKThl U3BJIEKAIN JEKaHTALMECH, MX OCTaTKH BBIMBIBAJIN XJopodopmoM. Macce Kokca
COOTBETCTBYET pa3HHIIA MEXAY MAacCOoW peakTopa 10 SKCHEpHMEHTa M IOCie YAAJICHUS KUIKUX
1 ra3000pa3HbIX MPOAYKTOB. JlyIst 00pa3noB, MOMyYEHHBIX IPHU aKBATEPMOIIHM3€E, OTIINIHBIM SBIISIETCS
STall W3BJICYCHUS >KHAKUX HPOAYKTOB: IOCJIE JETra3sMpoBaHUS PEAaKTOpa M €ro MOCIEAYyIOIIEro
B3BEIIMBAHUS JCKAHTUPOBAHHYIO CMECh JKHAKHX IIPOAYKTOB C BOJOH IOMEIIANN B HPOOHPKY
U LEeHTpUYrupoBaiu uist pa3ieieHus BoJoHedTssHOW sMysibcuu. Macca u3Mepsiiach ¢ MOMOIIBIO
anamutudecknx BecoB AND HR-200 (SImonwus) 1-ro kiacca TOYHOCTH ¢ orperrHocThio 0,1 mr.

Omnpesesienne BeIECTBEHHOr0 cocTaBa 101poOHO onucaHo B pabdore [12]. AcdanbreHs
13 UCXOHON HEPTH M *KHUJKHX MPOAYKTOB KPEKHHTA BBIICISUIN ITyTeM UX pa30aBieHus 40-KpaTHbBIM
U30BITKOM H-T€KCaHa U OTCTauBaHUEM B TeueHue 24 u. Pa3nienieHue nojayueHHbIX 1eacdalibTeHn3aToB
Ha MacJja u cMoJibl mpoBoaniy B annapate Cokcnera Ha cunukarene ACK. CooTHoOLIEHNE CHITHKATellb:
oOpaser;=25:1. Macia 3;110upoBaid H-IeKCAHOM, CMOJIbI — CMEChI0 OeH30s1a 1 3TaHoa (1:1 mo oobemy).

CTpPyKTYPHO-TPYNNOBOii aHAJIN3 — CPEJHIE CTPYKTYPHbIE IapaMeTphl MOJIEKYJI ac(abTEeHOB
U CMOJI PAacCUMTBIBAIM C IOMOIIbIO AMIHpHUecKuX ¢Gopmyn bpayna-Jlanad, npencTaBlieHHBIX
B pabore [13]. [TocTpoeHne MoieKyJ IPOBOAMIIOCH IO MeTOauKe, pazpadboranHoii B UXH CO PAH [14,
15] ¢ nomorupto mporpammbl ChemWin. Mcnonb3oBaHue JaHHBIX aHAJIM30B 3JIEMEHTHOI'O COCTaBa,
CpemHeH MOJEKYJISIPHOW Macchl M IPOTOHHOH s€pPHOH MarHMTHO-PE30HAHCHON CHEKTPOCKOIHH
MO3BOJISAET PACCUMTATh CpEIHEEe pacHpefelieHHe aTOMOB MEXAY CTPYKTYPHBIMH 3JI€MEHTaMu
MOJIEKYJI. DTO pacipeiesieHle JaeT HH(POPMALIUIO O pa3Mepe U CTPYKTYpPe CPEAHUX MOJIEKYJI, COCTaBe
U KOJIMYECTBE PA3JIMUYHBIX CTPYKTYPHBIX TPYII. DJEMEHTHBIH cocTaB ac(aibTeHOB OMPEACISIIN
Ha CHNS-ananuzarope Vario EL Cube. Ilpenen oonapyxenus snementa —menee 0,01 % mac. CriekTpbl
I[IMP perucrpupoBanu ¢ mnomombio Dypre-cnekrpomerpa AVANCE-AV-300 (pacTBOpUTENb —
JIedTepoxIopodopM, BHYTPEHHHH CTAaHAAPT — T'€KCAMETHJIIMCUIIOKCAaH). MOJEKYJISpHbIE MaccChl
(MM) n3mepsiin KPUOCKOITMYECKUM METOJ0M B HadranuHe Ha npubdope «Kpuony. OTHOCHTEIbHAS

OIInOKa onpeacJICHUA MOJICKYJISIPHBIX MAaCC COCTABJISACT HE Ooitee 5,0 % OTH.

Pe3yabTaThl U HX 00CyKIeHHE

PesynbraThl, mpuBeAeHHBIE B Ta0J. 2, OKA3bIBAIOT, YTO MIPH KPEKHHIe TsDKEI0i HedTn Maiio-
poBckoro Mectopokaenus npu 250 °C B Teuenue 6 4 pacxoxyeTcs He Oonee 5 % Mac. cMol, 3a cueT
4ero coaeprkanue achaabTeHOB U Maces yBenunuuBaeTcs Ha 0,93 u 1,20 % mac. coorBeTcTBeHHO. [Ipn

YABOCHHHU MPOAOJIZKUTCIBHOCTH KPEKHUHTA 10 12 4 HAaYUHAIOT paspymarbCsa aC(I)aJ'ILTeHBI — UX KOJIH-
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Tabauua 2. MarepuanbHblii 0anaHC KPEKUHIa U aKBaTePMOJIN3a MaHOPOBCKOil HedTH

Table 2. Material balance of cracking and aquathermolysis of Mayorovskaya oil

Boixoa nponykTos, % mac. CocraB )KXUJKUX POAYKTOB, % Mac.
O6paszern Hasie Acdansre-
BOJIbI Tas3 Kuakoctb Koke Macna CMOJIBI .
Hexonnas - 0 100 0 59,00 29,00 12,00
HeTH
IIpu 250 °C u pa3nu9IHOI MPOAOIKUTEIBLHOCTH, 4
6 - 2,48 97,42 <0,1 60,21 24,28 12,93
6 + 0,71 99,29 <0,1 62,49 26,13 10,67
12 - 2,62 97,38 <0,1 60,93 25,18 11,27
12 + 0,87 99,13 <0,1 67,16 21,70 10,27
24 - 2,89 97,11 <0,1 58,96 28,34 9,81
24 + 1,18 98,67 0,15 64,43 24,12 10,11
[Tpu 300 °C u pa3augHON NPOAOTIKUTEILHOCTH, U
6 - 2,60 97,30 <0,1 61,08 24,47 11,75
6 + 0,95 99,05 <0,1 58,64 29,35 11,06
12 - 3,00 96,91 <0,1 59,42 25,87 11,62
12 + 1,22 98,61 0,17 63,79 25,51 9,31
24 - 3,14 96,77 <0,1 59,24 26,44 11,09
24 + 1,76 97,86 0,38 69,95 19,47 8,44

4ecTBO yMeHbImaeTcs Ha 1,66 % Mac. B pesynbraTe Bo3pacTaeT coepikaHue Macel M CMOII (II0 CpaB-
HEHHIO C UX COZIepKaHHEM B MPOAYKTaxX KpeKUHTa B TeueHue 6 ). [Tocie 24 4 kpekuHra copepskanue
HAaKOIUICHHBIX Macell CHIKaeTcs Mo4YTH Ha 2 % mac., achansTeHoB — Ha 1,46 % Mac., o1 CMOJ Ipo-
JoJKaeT yBenuunuBarhes. 110M00HBIN pe3yapTaT CBHACTEIBCTBYET O TOM, YTO IPH YKa3aHHOH Mpo-
JOJKUTEIBHOCTH TIPOIECCa YCKOPSFOTCS HE TOIBKO PEAKIIUU NECTPYKIINHU, HO M KOHJICHCAIIHS KOM-
MIOHEHTOB Macell. BbIXol Kokca BO BcexX dKcrnepruMeHTax He mpesbimaet 0,1 % mac., Toraa Kak BBIXOJ
rasa JUHEIHO yBenuuuBaercs oT 2,48 1o 2,89 % Mmac., 4To yKa3bIBaeT Ha IPEBAIUPOBAHNE PEAKIUI
JECTPYKIUH.

Job6aBieHne BOABI K HE(TU IPH KPEKUHTE MPH YKa3aHHOW TEMIIEpaType 3aMeJIsIeT BCE MMpo-
TEKAIoI1e MPEBpaIleHUuss — U JECTPYKIUIO BBICOKOMOJEKYISPHBIX KOMIIOHEHTOB 10 MapIIpYTy
«ac(halbTeHBI—CMOIBI—MacIa—Ta3», B YaCTHOCTH, MTOCICIHIOK CTAIUI0 00pa30oBaHus razoolpas-
HBIX MIPOJYKTOB (BBIXOJ] F'a3a CHUKaeTcs B 2,5-3,5 paza), u oOpaTHbIe peakiiuu konaeHcanuu. Conep-
JKaHHME Macel J1ocTuraeT Makcumyma (67,16 % wmac.) mocne 12 4 akBarepmoinusa, uro Ha 8,16 % mac.
00JIbIlIe, YeM B HCXOIHOM He(TH, 1 Ha 6,23 % Mac. BbIIIIE, YeM B 3KCIICPUMEHTE, BHIITOJHECHHOM B OT-
CyTCTBHE BOIBI. Takke B YKa3aHHOW «TOYKE» MAaKCHMAaJIbHOW OKa3bIBACTCS TTyOMHA MPEBPAIICHUS
cmod. ITpu nanpHeimemM yBennyeHHH NPOAOKUTEIBHOCTH IIPOIEcca B COCTABE KUAKUX MPOTYKTOB
3a CUET KOHJCHCAIIMU KOMIIOHCHTOB MAacell HAaKaIUTHBAIOTCS «HOBOOOpPa30BaHHBICY» CMOIBL. BBIXOI
ac(haabTeHOB IIPH TEPMOOOPAOOTKE ¢ BOAOH OT 6 110 24 1 muHeitHo cHmkaetcs ¢ 10,67 mo 10,11 % mac.,
OJTHAKO ATH 3HAYCHUSI OKA3bIBAIOTCS BHIIIE, YeM B OTCYTCTBHE BOJBL. KOKC HaumHaeT 00pa30BhIBATHCS
aunrb nocie 24 4 akBarepmodusa (ue 6osee 0,15 % mac.). B untepsase ¢ 12 10 24 4 uHTEHCUDHITHU-

PYIOTCA p€aKIlu KOHACHCALIUH.
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[Tpu noBwILIEHUH TeMIIEpaTypbl KpekuHra Tsoxesoi Hedru ¢ 250 no 300 °C (tadu. 2) B TeueHue
6 4 cogepkaHue CMOJI CHUXkKaeTces Ha 5,53 % Mac., BBIXOJ Macell IIPpHU 3TOM yBennuuBaeTcsa Ha 2,08 %
Mac., 4TO OJIMU3KO MO a0COMIOTHBIM 3HAYCHHSAM K Pe3yJibTaTaM, IMOJIyUYeHHBIM mocie 12 4 KpekuHra
IIpY MEHBINEH TeMIeparype, T.e. CXoxas NIyonHa TpaHchopMaun KOMIIOHEHTOB JOCTUTAETCsl Obl-
ctpee. IIpu yBeIu4eHNHU MPOIOJIKUTENBHOCTH 10 12 1 24 4 comepKaHUE CMOJI BO3PACTaeT, TOTaa
Kak macei, Hao0opoT, ymeHnbmaeTcs. Copepkanue ac(hajlbTeHOB IIPU pacCMaTpPUBAEMOH TeMIepa-
Type CHUXKaeTcs Ha MPOTSKEHUH Beero nporecca: Ha 0,25 % mocne 6 1 u Ha 0,91 % mac. mocne 24
4, oxHako npu 250 °C ux yOblIb OKa3bIBaeTCs BhIIIE. B TO BpeMs Kak BBIXOJ] KOKCaA C YBEITUYECHUEM
MPOJOJKUTENBHOCTH KPEeKHHTa 70 24 4 MpaKTHYEeCKH HE MEHSETCS, BBIXOJ ra3a yBEINYHUBACTCS
npumepHo Ha 10 % oTH. IIpeacTaBneHHBIN pe3ynbTaT yKa3plBaeT Ha TO, YTO IIPH TEMIIEpaType Ipo-
recca 300 °C, Hapsay ¢ 6ojee rryOOKoO# AeCTPYKIMEH KOMIIOHCHTOB, HAOJIIOAETCS U YCKOPEHUE
peaknui NX KOHJCHCALIH.

OO0uire TeHICHIIMM U3MEHEHHSI MaTepUaJIbHOrO OajlaHca akBaTepMOJIH3a TSKEJIOH HeDTH Mpu
nosbinieHnH Temnepatypsl ¢ 250 1o 300 °C coxpaHs0TCsS — 3aMEIISIIOTCS U JECTPYKIIUSA BBICOKOMO-
JIEKYJISIPHBIX KOMIIOHEHTOB, H 00paTHbIC PEaKIIMK KOHJICHCAIIMH, OJJHAKO CO/IEpIKaHHe KOMIIOHEHTOB
IIPU ATOM C YBEIMYEHHEM IIPOJOIDKUTEIBHOCTH U3MEHeTCs JIMHEHHO. BrIxon ra3000pa3HbIX mpo-
JYKTOB COOOpa3HO CHUIKAETCS B JIBA-TPHU pa3a, 0 CPABHEHHIO C KPEKUHTOM. AKBAaTEpPMOJIH3 B Te-
4yeHne 6 4 MPHUBOAUT K CHMIKCHHIO COJEp)KAaHUsI Macell M IMOBBIIICHHUIO JOJIH CMOJI (110 CPAaBHEHHIO
¢ ucxonHoii HedThi0). C yBeIrueHHEM MPOAOIDKUTEILHOCTH MTPOIiecca «kHOBOOOPA30BaHHBIEY CMOJIBI
B COCTaBe )XMJIKMX IPOIYKTOB pacxonytorcs. [Tocie 24 4 Takoit 00paOOTKH BBIXOA CMOJI CHU)KAETCS
Ha 9,5 % Mac., Toraa Kak Macels — yBesnnuupaetcs 6osee yem Ha 10 % mac. Beero 3a 24 4 akBarepmo-
JU3a IpU yKa3aHHOW TeMIieparype mnpeodpasyercst nopsiaka 32 % OTH. BHICOKOMOJIEKYJISIPHBIX KOM-
MOHEHTOB — coJiepKanue cMonncTo-achanbrenoBbix BemiectB (CAB) cumkaercs ¢ 41 no 28 % mac.
¢ obpazoBanueM okoiso 11 % mac. macen u cymmapHo 2 % Mac. rasza u kokca. Conepkanue achaib-
TEHOB TaK>Ke JIMHEHHO CHUIKAeTCs Ha MPOTSHKeHUH Beero mporiecca (Ha 0,94 % mocne 6 4 akBaTepMo-
nu3a U emie Ha 2,62 % Mac. mocie 24 4, TocTHrass MUHIMAaJIBHOTO 3HaueHUs1). OMHAKO TpH OOoJbIIeH
TeMIeparype npoiecca IpoayKThl YIUIOTHEHUS] HAYMHAIOT 00pa30BbIBATHCS yiKe mocie 12 4 — ux
BbIxox cocrasisieT 0,17 % Mac. mpu yka3aHHOH IPOJOJKUTEIBHOCTH M yJIBauBaeTcs rnocie 24 1 00-
pabotku. Takum obpazom, ipu 300 °C Habmronaercs 3HaunTeabHas Tpanchopmanus CAB Tskenoi
He(TH ¢ 00pa30BaHNEM KOMIIOHEHTOB ITPEUMYLIECTBEHHO Macell, T.e. 00JIee HHTEHCHBHO IIPOTEKAIOT
peaknuu AecTPyKIMH, OJHAKO Tocie 12 4 yCKOpSAIOTCsA peaKIuy KOHCHCALIUH.

Jlist ompenesieHsl OCHOBHBIX HampaBieHuil nectpykiun CAB mpu kpekuHre Tspkenoi HeTH
Y OLIGHKH BJIMSIHUSI BOJIbI HA UBMEHEHHE UX CTPYKTYPHBIX XapaKTEPUCTHUK ObLI BHITIOIHEH CTPYKTYPHO-
I'PyNIIOBOM aHATN3 ac(haIbTEHOB U CMOJI, BBIJICIICHHBIX U3 UCXOHOM HEPTH M MPONYKTOB €€ KPEKHH-
ra ripu 300 °C B pa3iMyuHbIX YCIOBUSX — C BOAOI U Oe3 (Tadu. 3).

YcpenHeHHast MOJIEKYJIa CMOJI HCXOTHOH He()TH XapaKTepu3yeTcst MOJIeKyJsipHoi Maccoit (MM)
681 a.e.M., COCTOHT NPEUMYIIECTBEHHO U3 OJIHOTO CTPYKTYPHOI'0 OJIOKA M COJIEPIKHUT B COBOKYITHOCTH
6,7 xonen — 3,6 apomatndeckux u 3,1 HadTeHOBBIX. CpeqHMI cOCTaB MOJEKYJ paccMaTpHUBaeMbIX
cmon onpenensetcs Gopmyioit Cus gHes ¢No 551 501 3. OTHOIIEHHE aTOMOB BOIOPOAA K aTOMaM yTJIepo-
na (H/C) cocrapisier 1,42.

[Tocne kpexnHra B TeueHHe 6 4 B COCTaBE CMOJI HAKATUIMBAIOTCS KPYTTHBIE MOJIEKY b, 00pa30BaH-

HBIC B PE3YJIbTATC KOHACHCAIIMU KOMIIOHECHTOB Macell, € OI[HOﬁ CTOPOHBI, U YaCTHIHOMI JACCTPYKIIMHN
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Tabauua 3. CTpyKTYypHO-IPYIIOBBIE IapaMeTpbl MOJEKYJ CMOJ IPOAYKTOB KPEKHMHIa M aKBaTepMOJIn3a
(temmniepaTypa npoueccos 300 °C)

Table 3. Structural-group parameters of resin molecules of cracking and aquathermolysis products (process
temperature 300 °C)

CMmobl
[Tapametp o0e3 H,O ¢ H,O
Hcxonnast HePTH
64 124 24 4 6u 124 24 4
MM, a.e.m. 681 801 780 770 825 766 714
H/C 1,42 1,47 1,45 1,40 1,44 1,37 1,43
m, 1,3 1,9 1,4 1,2 1,5 L1 1,3
fa 32,4 30,4 31,4 34,2 32,6 35,9 33,2
n 4,93 3,76 4,43 4,46 4,59 4,66 4,57
YHucno aTOMOB B cpeiHEN MoeKyJie
H 64,0 78,7 75,6 71,7 80,1 69,8 67,0
C 45,0 53,6 52,3 51,3 55,7 51,0 46,9
N 0,5 0,6 0,6 0,6 0,6 0,6 0,5
S 1,5 1,7 1,8 1,8 1,9 1,8 1,6
o 1.3 1,0 0,7 L1 0,4 1,0 1,6
Yucno xonuen
K, 6,7 7,1 7,3 7,7 7,6 8,0 6,6
K, 3,6 2,2 3,2 3,9 3,5 4,5 3,2
Ky 3,1 4,9 4,0 3,8 4,1 3,5 34
Uwuco aTOMOB yIiiepojia pa3HOro THIIA B CpeAHEN MoJIeKyIie
C. 14,6 14,3 16,4 17,5 18,2 18,3 15,6
Cy 12,4 21,9 16,2 15,2 16,4 14,0 13,7
Cy 18,1 17,5 19,7 18,6 21,2 18,7 17,6

IIpumeuanne: MM —MomekyIsipHas Macca; m, — CpeJHee YHCIIO CTPYKTYPHBIX OJIOKOB B MOJIeKye; f,— pakTop apoMaTHIHOCTH;
n — cpenuss qnuHa anudatudeckux ¢parmentos; C, H, N, S, O — auciao atromoB cooTBeTcTBYyIomero ameMenta; K,, K,,
K, — obmee uncno xonern, KOTHIECTBO aPOMATHUCCKUX U HAQTEHOBBIX NUKIOB; C,, C,, C;; — KOMHYIECTBO aTOMOB yIiaepoja
B apOMATHYECKUX, HA(QTEHOBHIX U MapaUHOBBIX CTPYKTYPaX YCPEIHEHHBIX MOICKYIL.

ac(aJIbTeHOB — € JIPyroil. DTOMY COOTBETCTBYET YBEIMUYCHHE MOJIEKYIsIpHON Macchl (Ha 120 a.e.m.)
u O6mouHoctH (¢ 1,3 10 1,9) yepenHEHHBIX MOJICKYJI, @ TAK)KE YMCIIa KoJell B HuX. Jlaiee ¢ H3MEHEeHH-
€M IIPOIOIDKUTEITHHOCTH Iporecca MM paccMaTpuBaeMbIX MOJICKYIT CHIDKaeTcs 10 801 a.e.M. mocie
12 9 u no 770 a.e.m. mocne 24 4. [Tpu 3TOM ¢ yBeTMUeHHEM TTPOJOIKUTEIBHOCTH MPOIECCA MOIEKYJIbI
HOBOOOpa30BaHHBIX CMOJ CTAHOBSTCS BCE 0OJiee CKOHICHCHPOBAHHBIMU, HA YTO YKa3bIBAIOT BO3pac-
tanue (pakropa apomatuaHoctu ¢ 30,4 10 34,2 u otHomenust K,/K,, ¢ 0,45 no 1,03, a Takke CHUKECHUE
ux 6iaounoctH ¢ 1,9 no 1,2.

JloGaBiieHre BOmbl K HETH MPU KPEKUHIE€ B TE€YCHHE 6 4 CIIOCOOCTBYET O0OPA30BAHUIO CMOJI
¢ OOIBIIIEH MOJICKYIISIPHOW MacCOi, 4eM B €¢ OTCYTCTBHE, a IPH NaJbHEHIIIEM yBEIHYCHUHU TTPOIOI-
JKUTENIBHOCTH Tporiecca 3Hadenrne MM okasbiBaeTcsi, Ha000poT, HKke. OTMEYaeTcs, YTO YCPEeIHEH-
HBIE MOJIEKYJIbI CMOJI IPOJYKTOB akBaTepMmoiin3a B TeueHue 12 u cocraBa Cs; gHgosNo 65150, 0 ABIS-
I0TCsl HanboJiee CKOHICHCHPOBAHHBIMH, TaK KaK CPEIH BCEX MCCICAYEMbIX CMOJ XapaKTePU3YOTCS

MUHUMAJBbHBIMHA 3HAYCHUAMHU YUCIA CTPYKTYPHBIX 0JIOKOB m,; U OTHOIICHU H/C u makcumalbHBI-
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mu — f, u K,/K,. [Tociie akBarepmosn3a B TeueHHE 24 4 B CTPYKTYPE 00pa3yOLIUXCs CMOJI CHHIKACTCS
o011ee Y1cIIo KoJel, YMCI0 apOMaTHYECKUX KoJel ¥ (hakTop apoOMaTHIHOCTH.

ComyTCTBYOIIME OMMCAHHBIM BbIIE ITPe0OPa30BaHUSIM W3MEHEHUS! YCPEIHEHHBIX CTPYKTYp-
HBIX OJIOKOB MOJIEKYJI CMOJI, HAaOJIFOAaroIecs IIPH KPEKUHT'e U IIPH aKBaTEPMOJIN3e TsKesol HeTH,
MpeACTaBJICHbBI Ha pUC. 1. Croutr OTMETHUTDH, UYTO AAHHBIC CTPYKTYPBI ABJIAIOTCA T'HIIOTCTUYCCKUMU
1 TIOCTPOEHBI HA OCHOBE PAaCUCTHBIX JAHHBIX.

CTpyKTypHBIH OJ0K yCpeTHEHHOH MOJIEKYIIBI HCXOIHBIX CMOJ BKJIIOYaeT 34,6 aTOMOB yriieposa,
u3 KOTOpBIX 13,9 mpuxoauTcst Ha anudarnaeckue GparMeHTHI co cpeqHei muHoi 4,93. Kax sl Ta-
KO OJIOK ITPH 3TOM BKJIFOYAET 110 aTOMY KHcaopoaa, 1,15 atoma cepsl u 0,38 atoma azora. Coobpas3Ho
C BO3pacTaHUEM CKOH/ICHCHPOBAHHOCTH MOJIEKYJI HOBOOOPAa30BaHHBIX CMOJI C YBEIMUYCHHUEM ITPOIOII-
KUTCIBHOCTU KPCKUHT'A BCC 6OJ'ICC KPpYIHBIMU U CKOHACHCHUPOBAHHBIMH CTAHOBATCA U UX OTACIIBHBIC
CTpyKTypHBIe 6sioku. [Tpn 3TOM BO3pacTaer 4iciIo aTOMOB YIJIeposia, IPUXOISIINXCS Ha CTPYKTY -
HBIH 010K, a Takxe orHomieHue K,/K,. UHCIo aTOMOB Cephbl IIPH 3TOM 110 a0COTIOTHOMY 3HAYCHHIO
YBEJIIMYUBACTCS, OJTHAKO OTHOCHTEIBHO CHIDKCHHSI MOJIEKYJISIPHOI Macchl MOJICKYJI B IIE€JIOM I10/100-
HOE M3MEHEHHUE MOXKET yKa3bIBaTh Ha TO, YTO cepocoepkKaniue GpparMeHTsl TpaHchopmaluy He 1moj-
Bepratorcs. [IpuBeieHHbIE 3aKOHOMEPHOCTH YKa3bIBaIOT HA TO, YTO (hOPMUPOBAHHNE BTOPUIHBIX CMOJI
MPOMCXOJUT 32 CUET OTPHIBA CTPYKTYPHBIX OJIOKOB M KOHJICHCAIIUU ()PAarMEHTOB BHYTPH COXPAHHB-
IIMXCSI CTPYKTYPHBIX OJIOKOB, IMPUBOASIIEH K UX YKpyHHEHHUI0. Anudarniyeckoe oOpaMieHne pu
OTOM IMPAKTUYCCKHN HEC MCHACTCA.

XapaKTepHCTUKH CTPYKTYPHBIX OJIOKOB YCPEIHEHHBIX MOJIEKYJI CMOJI IIPOJYKTOB aKBaTEpPMOJIU-
3a ¢ yBEIIMYEHUEM MPOIOJKUTEIBHOCTH MPOIecca TaKKe MEHSIOTCs HelmnHeiHo. Jlo0aBieHne Boibl
IIpU KPeKUHTE B TedeHue 6 u 12 1 ciocobcTByeT 00pa30BaHNIO MEHBIIETO KOJIMYECTBA CMOJI, COCTOS-
HIMX [IPH ATOM U3 BCE MEHBIIIETr0 Yuciia 00siee KPyHbIX CTPYKTYPHBIX OJIOKOB — BBIIIE OKA3bIBAIOTCS

MOJICKYJIApHAasA Macca, YUCJIO0 KOJICI] (I/I apoOMaTU4CCKUX, U Ha(bTeHOBLIX) n (l)aKTOp ApOMAaTUYHOCTHU.

o,
1\, ¢ Bojoit
0e3 BOAbI 1,
-
6 yacos 5
o 20
1.9 - L5
~ ) o - 3 =
12 wacos N
‘ ©
3 § N
.)_\_\ Vg
b -14 L -1.1
_ § = _ *
24 yacos i
. A O
C e <
r o
/
L \_\ et £ - “13

Puc. 1. I3MeHeHue CpeiHUX CTPYKTYPHBIX OJIOKOB CMOJI IIPU KPEKHUHIE U [P aKBATSPMOJIN3e
Fig 1. Changes in the average structural blocks of resins during cracking and aquathermolysis
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BbonpmmM Takke OKa3pIBaeTCsl OCTATOUHOE YHCIIO TeTePOaTOMOB, MPUXOIAIINXCSA HAa ONUH CTPYKTYP-
HEI# O1ok. [Tocne 24 1 Takoit 00pabOTKU CTPYKTYPHBIA OJIOK CMOJ COIEPIKUT B cpenHeM 36,1 aToMoB
yriepoja, 4To Ha 1,5 6oJblle Mo CpaBHEHHIO ¢ UCXOAHOW MOJIEKYJION, HO Ha 6 aTOMOB MEHBIIIE, YeM
npu KpekuHre. Mcnonp3oBanne BOAbI MPH YKa3aHHOW MPONOKUTEIBHOCTH CIIOCOOCTBYET CHIDKE-
HUIO YMCIIa KOJIel B CTPYKTYpe OJIoKa, B YaCTHOCTH, MEHBIIMM OKa3bIBACTCS YHCIIO apOMATHUECKUX
KoJiell (Ha OJIHO), IT0 CPABHEHHIO € IIponeccoM B ee oTcyTcTBue. Onqnako otHomenue K, /K, mpu sTom
OKa3bIBAETCs JIMIIb HEMHOTUM MeHblIe. Ha kax/iblil Takoii CTpyKTYpHBIi G110k npuxoautcs no 1,23
aToMa cepbl ¥ KHCIIOPOJa, T.. COAEp)KaHUe MOCIEIHNX BO3PACTACT IPAKTHIECKH Ha 4yeTBepTh (¢ 0,92
no 1,23).

CorJiacHO TOJTYyYCHHBIM JaHHBIM, CPEAHsISI MOJIEKYia ac(albTeHOB UCXOIHONH HEPTH XapaKTe-
pu3yeTcs MOJCKYJIsspHOU Maccoi 2806 a.e.M. U COCTOHUT U3 YEThIPEX CTPYKTYPHBIX OJIOKOB, COIEP-

JKaluX B COBOKyMHOCTH 34,5 nmkia — 20,5 apomarnueckux u 14,0 nHadreHoBsix (tabdin. 4). Yepen-

Ta6nuna 4. CTpyKTypHO-I'PYIIOBOit aHa K3 ac(halbTCHOB POy KTOB KPEKMHTa  aKBATEPMOITH3a (TeMIIepaTypa
npoueccos 300 °C)

Table 4. Structural group analysis of asphaltenes from cracking and aquathermolysis products (process
temperature 300 °C)

AchanbTeHbl
[Tapamerp oe3 H,0 ¢ H,O
Hcxonnas HedThH
69 124 244 69 1249 244
MM, a.e.m. 2806 1755 1094 1503 1809 2131 1764
H/C 1,17 115 115 1,11 1,17 1,13 1,15
m, 4,3 2,4 1,5 1.9 2,8 2,9 2,6
fa 47,1 47,9 47,7 49,5 47,5 49.4 48,5
n 3,52 3,56 3,60 3,59 3,62 3,69 3,72
Yucno aTOMOB B cpeiHEl MoneKyJie
H 218,0 130,0 82,2 108,7 139,3 158,1 134,2
C 186,4 113,5 71,2 97,6 119,1 140,4 116,5
N 4,3 2,6 1,6 2,3 2,6 3,1 2,6
S 7.4 4,4 2,8 3.8 4,6 5,6 4,6
o 34 5,3 2,9 4,3 39 4,0 3,1
Yucno xonew
K, 34,5 22,3 14,2 20,2 222 27,7 22,1
K, 20,5 14,0 9,0 19,3 13,6 18,0 14,0
Ky 14,0 8,3 5,2 6,9 8,6 9,7 8,1
Uwuco aToMOB yrJiepojia pa3Horo TUIIA B CPEIHEH MOJIEKYJIe
C. 87,7 54,4 34,0 48,3 56,5 69,4 56,4
Cy 56,1 33,2 20,7 27,5 34,6 38,5 32,3
Cy 42,6 25,9 16,6 21,8 28,0 32,5 27,7

IIpumeuanne: MM —MosekyIsipHas Macca; m, — CpeJHee YHCIIO CTPYKTYPHBIX OJIOKOB B MoOJIeKye; f,— pakTop apoMaTu4aHOCTH;
n — cpenuss qnuuHa anudatudeckux ¢parmentos; C, H, N, S, O — uncio aromoB cooTBeTcTByIomero aementa; K,, K,,
K, — obmee uncio xonern, KOIHISCTBO apOMATHUCCKUX U HAQTEHOBBIX NUKIOB; C,, C,, C;; — KOMHYIECTBO aTOMOB yIaepoa
B apOMATHYECKUX, HA(QTEHOBLIX U Mapa(UHOBBIX CTPYKTYPaX YCPEIHEHHBIX MOICKYIL.
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HEHHBII COCTaB TaKUX MOJIeKyI onucbeiBaeTcs Gopmynoit Cige 4Hois N4 357405 4. [loce 6 4 xpexknHra
cHIkaroTcs MM ycpenHeHHBIX Moneky (Ha 1051 a.e.M.), 9ucio cTpyKTypHBIX 010KO0B (¢ 4,3 10 2,4)
u aromHoe otHomenue H/C.

[pu kpekuHTe B TeueHHE 12 9 MoJIeKyI1a ac(haIbTeHOB IIpETepIieBacT Hanboee TTy0oKYFo TpaHC-
dopmartiro — MM cHmkaetcs moutu B 3 pasza 10 1094 a.e.M. MoJieKyIibl CTAHOBSITCS OTHO- JIMOO ABYX-
OJIOYHBIMU U XapaKTepu3yroTcs ycpeaHeHHbIM cocTaBoM Cry2Hgy oNi 65, 505 9. OHAKO MIX apoMaTHy-
HOCTBb 1 YUCJIO aTOMOB YyTJIEpO1a B aJ'II/I(i)aTI/I‘-IeCKI/IX Q)parMeHTax C YBCJIMYCHUEM TPOAOKUTCIIBHOCTU
MPaKTUYECKHU HEe m3MeHseTcs. [locie KpeKnHTa IIpu POIOIKUTEIBHOCTH 24 4 HAOMI0IaeTCs YKPyITHE-
HUe MOJIeKyJI acaasreHoB: MM yBenuuuBaetcs 10 1503 a.e.M., YUCI0 CTPYKTYPHBIX 0710Kk0B — Ha 0,4,
a KOJIMYECTBO apOMATUUYCCKUX KOJICII, IPUXOIAIINXCS Ha OOMH OJI0K, — Ha 4,2. CpeqHuil cocTaB TaKHX
Moniekyt Cios 7Ho76N2 385 804 3. IlomoOHOE H3MEHEHNE CTPYKTYPHBIX XapaKTEPUCTUK ac(haIbTEeHOB CO-
TJIACYETCs C BRICKA3aHHBIM BBITIE MIPEIIIOIOKEHUEM O TOM, YTO B YKA3aHHOM HHTEPBAJC YCKOPSIOTCS
peakiuy KOHACHCAINH, T.e. 00pa30BaHNUE BTOPUYHBIX ac(aIbTEHOBBIX MOJICKYJI MPOTEKACT MIPEUMY-
MICCTBEHHO 32 CUET yIUIOTHCHUS» BHICOKOKOHICHCHPOBAHHBIX aPOMATHYECKHUX (PparMeHTOB.

Kak yxe ormeuanoce panee, akBarepmonn3 npu 300 °C nHambosee 3PpdPeKTHBHO CrIOCOO-
CTBYET CHIDKECHHUIO OCTaTOYHOTO COICpKaHUs ac(albTeHOB B JKHIKUX MPonykTax. COBOKYITHBIC
JMaHHbIe Ta0u. 2 U 4, a UMEHHO Bo3pacraromiue a0 12 u 3HaueHuss MM, ornomenue H/C u kosu-
YECTBO CTPYKTYPHBIX OJIOKOB B CTPYKType ac(abTEHOB, a Tak)Ke 00pa30oBaHNE B YKa3aHHOM HH-
tepBasie 10 0,17 % mac. Kokca, MO3BOJSIOT MPEANoaaraTh, 4YTo ¢ yBEIUUEHHUEM MPOJOIKUTEIBHO-
CTH aKBaTEPMOIIM3a MHTCHCU(MUIIUPYIOTCS B MEPBYIO OYepenb pPEaKIMH KOHICHCAIWH (MapHipyT
«macia—cMoibl—achanbTeHbI—KOKCeY). [lanee B uaTepBaie 1224 4 Hanboiee KPymHbIE MOJICKYITbI
pacXoayIoTcs KaK B pe3ylbTaTe YCKOPSHUS peaKIMil KOHICHCAIINH, IIPeoOpa3OBhIBasCh B KOKC, BbI-
xox koToporo yBeirmumuBaetcs ¢ 0,17 mo 0,38 % mac., Tak ¥ 3a CUET YCKOPEHHUs PEaKIuil AeCTpyK-
OUH ¢ 00pa3oBaHWEM KOMIIOHCHTOB MEHBINCH MOJEKYIIpHOH Macchl. MM ocTaBImIUXCS B COCTaBe
KUAKUX MPOAYKTOB YCPEAHEHHBIX MOJIEKYJ BTOPUYHBIX ac(hajbTeHOB, YUCIIO CTPYKTYPHBIX OJIOKOB
¥ YHCJIO KOJEI B HUX XapaKTEPHU3YIOTCS MEHBIIMMU 3HaYCHUSIMU. MOJeKybl achalbTeHOB, BBIIC-
JICHHBIX U3 IPOAYKTOB aKBaTEPMOJIH3a TSKEI0W HeTH B TeueHue 24 4, XapakTepu3yroTcs HopMyIioi
Cii6,5H1342N2,654 6031 1 comepkar 10 Tpex CTPYKTYpPHBIX OJIOKOB.

W3meHenue coctaBa NOCTPOCHHBIX HA OCHOBE PACUETHBIX JAHHBIX YCPEIHEHHBIX CTPYKTYPHBIX
OJIOKOB TUTIOTETUYSCKUX MOJICKYI ac(paIbTEHOB IPOAYKTOB KPESKIHTAa M aKBATEPMOJIH3a TSIKEION
HeTH C yBEJIIMYCHUEM TPOJIOSDKUTEIBHOCTH IIPOLiecca PEACTaBICHO Ha puc. 2.

YcepeqHeHHBIH CTPYKTYPHBIH OJIOK HCXOMHBIX ac(hallbTCHOB BKIFOYACT OKOJO 43 aTOMOB yTJie-
pona, 0,8 atoMoB kuciopoza, 1,7 atoma cepsl U 1 atrom azota. [Ipu 3TOM KOJIUYECTBO aTOMOB yTJie-
pona B amudaTHIecKuX (parMeHTaX, MPUXOMSAIINXCS Ha CTPYKTYPHBIH OJIOK, cocTaBiseT 9,9, a ux
cpenusisi aunHa — 3,52. Tlocne 6 4 KpeKUHra CpeqHUIl CTPYKTYpPHBIA OJIOK COIEPXUT Ha 4 aToma
yrieposaa OOJbIle BBUIY YBEIUUCHHS YHCIa aTOMOB yTiepoaa B anudarndeckux ¢pparmMeHTtax (¢ 9,9
1o 10,8). Kpome Toro, B KaxJIoM CTPYKTYPHOM OJIOKE BO3pacTaeT U YUCJIO aTOMOB cepbl (Ha 1,4). Ha-
(hreHoapoMaTHYECKOE SIAPO YCPESTHEHHOW MOJICKYIIBI (COIEpIKaHUE KOJICIl, TPUXOISAIINXCS Ha OMUH
CTPYKTYpHBIi 610K) yBenauunBaercs ¢ 8,0 10 9,3 3a cuet nobaBieHus: apoMaTrieckoro kosibua. Co-
OTBETCTBEHHO, Bo3pactaeT u otHomeHue K,/K,. [Ipu yBenudeHnn mpoaomKUTEeIbHOCTH MIpolecca
yKa3aHHbIC 3aKOHOMEPHOCTH COXPAHSIOTCS — HAQTEHOAPOMATUUYECKOE SIAPO CPEIAHEr0 CTPYKTYPHOIO

Oy0ka MIPpOAOJIKACT YKPYIIHATHCA 34 CUCT YBCIIMYCHUA YUCIIA apOMATUICCKHUX KOJICH.
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Puc. 2. V3meHeHue cpeJHUX CTPYKTYPHBIX OJIOKOB ac(hasibTeHOB IIPH KPEKUHTE U IIPU aKBATEPMOJIH3e

Fig. 2. Changes in the average structural blocks of asphaltenes during cracking and aquathermolysis

XapaKkTepUCTUKH CTPYKTYPHBIX OJIOKOB MOJIEKYJT acpalibTeHOB IIPOyKTOB aKBaTEpPMOJIH3a, KaK
1 COOTBETCTBYIOUIMX CMOJI, MEHSIOTCSI HEIMHEHHO, 4TO, KaK y>K€ OTMEYaJoch, 00yCIOBIEHO KOKCO-
obpaszoBanueM. Jlo 12 4 Takoit 00pabOTKH OT/AENbHBIE CTPYKTYPHbIE OJIOKH YKPYITHSIOTCS: BO3pac-
TAIOT UX MOJICKYJISIPHASI MAacCa, YUCIIO apOMATHUECKUX KOJIEI] B COCTAaBE M KOJIMYECTBO IeTEPOATOMOB.
JHainee nocne TpanchopMaluy OTACIbHBIX HanOoJiee KPYHMHBIX MOJIEKYJ B MPOJYKTHI YILIOTHEHHS
B CHCTEME OCTAETCsl BCE MEHbIIEe KOJINYECTBO ac(aIbTeHOB, COCTOANINX U3 CTPYKTYPHBIX OJIOKOB
MeHblell MM 1 conepkaliux MEHbLIEE YUCIO apOMAaTUYECKUX KOJIELl.

Umceino aToMOB yriieposia B cpegHeM 0Jioke ac(albTeHOB IPOIYyKTOB aKBATEPMOIJIN3a B TCUCHUE
24 4 BpllIe Ha OIUH-JIBa aToOMa OTHOCHUTCIIBHO MOJICKYJI aC(baJ'[I)TCHOB, BBIJICJICHHBIX U3 I/ICXO)IHOﬁ
He(TH, HO Ha IIECTh MEHBIIIE, YeM B ac(alibTeHaX MIPOAYKTOB KPEKHHTa. B TaHHOM MOJeKyie Yucio
KOJIeLl, IPUXOJSILIIMXCS Ha OJIMH CTPYKTYPHBIN OJIOK, BBIIIE, [10 CPABHEHHUIO C UCXOIHBIMH ac(aibTe-
Hamu. OIHAKO OTHOCHTENBHO ac(haIbTeHOB MPOJYKTOB KPEKHHTa JaHHBII ITOKa3aTellb OKa3bIBACTCS
HWKe (Ha JiBa Kouibla). Te e 3aKOHOMEPHOCTH MPOCICKUBAIOTCS U B M3MEHEHHUH YHCIIa TeTepoaro-
MOB, TPUXOSIIUXCS HA YCPEAHEHHBIN CTPYKTYpHBIH 010K. TaknM 00pa3om, ykazaHHBIE ac(aibTeHb
MPEICTaBISIOT COO0H BRICOKOAPOMATH3MPOBAHHBIE CTPYKTYPBI, UTO SIBJISIETCS PE3yJIbTaTOM ITPOTEKa-

HUA pGaKL[I/Iﬁ apoMaTu3alu U HUKJIU3aluu.

3akJoueHue

Ha ocHOBaHHM NOJNYy4YeHHBIX SKCHEPUMEHTAJBHBIX JAHHBIX YCTAHOBJIEHBl ONTHMAallb-
HBIE IapaMeTpbl aKBaTepMOJIHN3a, CHocoOCTBylomue Hambosiee TIyOOKOW TpaHChOpMaU
CMOJINCTO-ac(aIbTEHOBBIX KOMIIOHEHTOB, 2 MMEHHO — IMPOJOJDKHTEIBHOCTH Ipouecca 24 4
n temmneparypa 300 °C. YObnp cMon u acdanbreHoB coctaBuia 32,7 u 29,7 % OTH. cOOTBET-
cTBeHHO. [Ipu 3TOM COBOKYIIHBIE MOTEPH, O0YCIOBIEHHbIE Ta30- U KOKCOOOpa30BaHUEM, CHU-

)karoTcs Ha 44 % OTH. 1O CPaBHCHHUIO C DOKCIICPUMCHTAMHU B OTCYTCTBHC BOJIbI. I[O6aBJ'ICHI/Ie
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BOJIbI NIPU KPEKHHI'E CIOCOOCTBYET 00pa3oBAaHMIO MEHBILIEr0 KOJHMYECTBA CMOJ, COCTOSIIMX
13 MEHBIIETO yncia 0ojiee KPYHHBIX CTPYKTYPHBIX OJIOKOB, 4YeM B €€ OTCYTCTBHE. [Ipu 3TOM
achaynbTeHbl TakKe 00pa3yroTCs B MEHBIIMX KOJIMYECTBAX, OJHAKO MX MOJIEKYJIbI MTPEACTABIIsI-
10T co00#, Ha00OpOT, OoJIee KPYIMHBIE CTPYKTYPHI, COCTOSIIIME M3 OOIBIIEr0 YUciIa KPYIMHBIX
CTPYKTYpPHBIX OJiokoB. [logo0HBIE M3MEHEHUS CBHACTEILCTBYIOT O TOM, YTO B HPHUCYTCTBHUH
BOJABI 3aMEUISIIOTCSI MOCIEIHNE CTAJANM PEeakUui AECTPYKLIHI, HPOTEKaoIUe 0 MapupyTy
«achaibTeHbl—CMOJIBI—Macia—Ta3y, a Tak)Ke UHTEHCU(DUIUPYIOTCS peaklHH KOHJEHCALUH,

B 4HaCTHOCTH, CTaJUH «CMOJ’IBI—>aC(1)aJ'ILTGHBI—H(OKC)).
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