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Milestones chemical technology institute:
our past and present

The article is devoted to the 95" anniversary of the Chemical technological
Institute (CTI) of the Ural Federal University named after the first President of

Russia B. N. Yeltsin (UrFU), which will be held in October 2015. Over the years
Chemical technological Institute (CTI) has undergone many structure transfor-
mations in accordance with the tasks which were set before it the time and
the development of our country. Currently this is a fairly large educational and
research Institute, which employs more than 100 lecturers including more than
70 associate professors — candidates (PhD), 30 professors — doctors of Sciences
(Hb), 3 academics and 1 corresponding member of RAS, trained more than

850 students.

© Bezmaternikh M. A, Selezneva I. S., 2015

In October 2015 the Chemical
Technology Faculty (CTF) of the Ural
Polytechnic  Institute named after
S. M. Kirov (UPI), and now the Chemical
Technology Institute (CTI) of the Ural

Let's remember how it was

In March 17, 1920 the Chemical Fac-
ulty was formed as a result of the division
of the Chemical-Metallurgical Faculty of
the Ural Mining Institute into separate
faculties — chemical and metallurgical. In
October 1920 it became part of the Poly-
technic Institute, which, along with Min-
ing and other institutions was included
in the newly created structure of the Ural
State University. In the first academic year
in the Chemistry Department were en-
rolled 145 students.

Federal University named after the
first President of Russia B.N. Yeltsin
(UrFU) celebrates its 95th Foundation
Anniversary.

The first dean of the Faculty was ar-
rived in Ekaterinburg professor of the
Petrograd Institute of Technology, electro-
chemist Alexander Evmenievich Mako-
vetskiy. He can rightly be called the father
of the Ural School of chemical engineers.
Thanks to the energy A.E. Makovetskiy
in the Chemistry Department operated
the laboratories for qualitative and quan-
titative analysis, organic and inorganic
chemistry, physical chemistry, dry distil-
lation of wood. And the laboratories were
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available to the students of all faculties
and the workers’ school. On his initiative
in Germany and England were purchased
thousands of books and dozens of maga-
zines, which laid a solid Foundation of the
scientific library of the Institute.

In February 1922 the chemical and
metallurgical faculties again united in the
Chemical-Metallurgical Faculty (CMF).
The Chemistry Department CMF was
training in six specialties, such as “The
main chemical productions”, “Technology
of silicates”, “Technological Electrochem-
istry”, “Technology of nonferrous, noble
and rare metals,” “Pyrogenic processes”
and “Pulp and paper industry”

In May 6, 1925 the Ural State Univer-
sity was renamed the Ural Polytechnic
Institute.

In June 11, 1929, by the decision of
Council of People’s Commissars of the
RSESR the chemical branch of the CMF
was converted into chemical faculty, the
dean of which is approved by Nikolai Ro-
gatkin. In 1929/1930 academic year to the
first year of the chemistry Department
was taken 220 people.

In 1930 the UPI was transferred under
the supervision of the Supreme Council
of National Economy, its faculties were
transformed into a branch of the techni-
cal colleges and for some time have any of
the Ural Institute of Chemical Technology
(UICT) subordinate to Slavhimprom VS-
NKh of the USSR.

In the 1930/1931 academic year UICT
began work composed of five depart-
ments of: the main chemical industry;
pyrogenic productions; hardware and de-
sign; silicate; engineering and economics.

In May 28, 1934 the branch technical
colleges were merged into the Ural Indus-
trial Institute (UII), in its composition on
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the rights of the faculty of chemical tech-
nology entered UICT, and in December
17, 1934 UII was named after S. M. Kirov.

At the beginning of the Great Patriotic
War many teachers, researchers and stu-
dents of the faculty went to the defense
of our motherland. The remainder of the
team together with the whole country
worked under the motto: “All for front,
all for victory!” Students and lecturers
of the chemistry Department have been
created and introduced in manufacture
of sulfamide drugs, which contributed
to the recovery of the wounded soldiers;
developed new catalysts for the flameless
combustion of gasoline to use in tactical
aircraft to heat engines and cockpit; work
on the development and intensification of
production of coke and chemical prod-
ucts of coking on the plants of the Urals.

In February 1948 UII was renamed
the Ural Polytechnic Institute named after
S. M. Kirov.

In December 24, 1992 UPI was re-
named the Ural State Technical University
(USTU-UPI).

In April 2008, USTU-UPI was
named after the first President of Rus-
sia B. N. Yeltsin.

In April 2010 the Ural Federal Uni-
versity named after the first President of
Russia B.N. Yeltsin was created. In Au-
gust 30, 2011 on the basis of the Chemical
Technology Faculty was established the
Chemical Technology Institute.

The leaders of the CTI were
N.N. Rogatkin (1927-1929, 1937-
1938), S.G. Mokrushin (1930, 1937),

I. G. Shcherbakov (1934-1937), 1. Y. Pos-
tovsky (1938-1942), A.L Levin (1942-
1947), Z.V. Pushkareva (1947-1949),
V.L. Zolotavin (1949-1951), B.I. Timin
(1951-1953), V.M. Cherkasov (1953-
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1958), V. D. Nikitin (1958-1962), B. V. Be-
rezin (1962-1965), A. V. Pomosov (1965-
1974), I1.1. Kalinichenko (1974-1982),
V.N. Desyatnik (1982-1987), O.N. Chu-
pakhin (1987-1988), A.1. Matern (1988-
2007), from 2008 to present time the In-
stitute is headed by V. L. Rusinov.
Currently at the Institute for 10 de-
partments work more than 100 teachers,
including more than 70 associate profes-
sors — candidates of sciences, 30 profes-
sors — doctors of sciences, 3 academics
and 1 corresponding member of Rus-
sian Academy of Sciences, the Institute
has about 850 students. The Institute has
a wide creative relationships with Ural
Branch of Russian Academy of Sciences, a
number of industrial enterprises of Sverd-
lovsk, Orenburg, Chelyabinsk regions, the
Perm and Stavropol territory. All Depart-
ments are actively engaged in scientific
work. More than 40 people are trained in
graduate school. For the last five years at
CT1I protected 4 doctoral and 47 master’s
theses. In the ranking of hit consistently

is in the top among three institutes of the
Ural Federal University.

Teachers, postgraduates and students
of the faculty work closely with the Cath-
olic University (Leuven, Belgium), Karl-
August University (Germany), with a
number of foreign firms. Many teachers,
postgraduates and students of the Insti-
tute were trained at the Nankai University
(Tian-Zhin, China), Howard University
(Washington, USA), the University of Mar-
yland (USA), Catholic University (Leuven,
Belgium), the University of Geneva (Swit-
zerland), the University of York (UK).
Just a 95-year history of the CTT was re-
leased 15461 specialists (engineers, bach-
elors, masters). In addition, faculty of
the departments of the Institute provide
educational process at the Institutes of
Materials Science and Metallurgy (IMS-
Mt), Fundamental Education (InFE), Ural
Power Engineering (UralENIN), Physics
and Technology (IPT), Mechanical Engi-
neering (IME), Radio electronics and In-
formation Technologies (IRIT-RTF).

Department of Organic & Biomolecular Chemistry

From 1924 to 1926 the department
was headed by Karmanov S. G., from 1926
to 1976 — by Academician of the RAS Pos-
tovsky I. Ya., from 1976 to the present — by
Academician of the Russian Academy of
Sciences, doctor of chemical sciences
Chupakhin O.N.

The department offers two mas-
ter programs: “Comprehensive chemi-
cal and physical study and expert
evaluation of organic materials” and
“Medical chemistry”, one profile bach-
elor — “Chemical technology of synthetic
biologically active substances, pharma-
ceutical preparations and cosmetics”
Scientific directions of the Department

belong to different research areas of or-
ganic chemistry and organic synthesis,
medicinal chemistry, materials science,
namely:”Integrated chemical and physical
research and expert assessment of organic
materials” and “Medical Chemistry”, and
one bachelor’s degree program — “Chemi-
cal technology of synthetic biologically
active substances, chemical andpharma-
ceutical preparations and cosmetics.”

Research areas of the department
belong to different fields of research in-
cluding organic chemistry and organic
synthesis, medicinal chemistry, materials
science, namely:
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- nucleophilic aromatic substitution of
hydrogen in heteroaromatic and aromatic
systems;

- development of methods for the syn-
thesis of heterocycles based on tandem
nucleophilic reactions of various types;

- construction of heterocyclic com-
pounds, including those having a fluorine
atom in the side chain or the aromatic ring;

- development of methods for the syn-
thesis of fluoroquinolone antibiotics and
other inhibitors of DNA gyrase;

- search for substances with antiviral
activity;

— synthesis of substances with pharma-
cological activity, such as anticoagulants,
antiplatelet agents, anesthetics, etc.;

— design of anti-tuberculosis drug;

— synthesis of isotope-labeled organic
compounds;

- development of methods for prepar-
ing substances with a critically high nitro-
gen content;

- development of methods for the syn-
thesis of effective complexing agents for
special purposes;

- development of agents for the extrac-
tion of rare earth elements, highly sensi-
tive sensors and fluorescent labels;

- development of highly effective cata-
lytic systems, including systems for asym-
metric synthesis.

Over the years, the department gradu-
ated 22 doctors and 135 candidates of
chemical sciences. Four employees of
the department have been elected to the
Russian Academy of Sciences — Academi-
cians I. Ya. Postovsky, O.N. Chupakhin,
V.N. Charushin and corresponding mem-
ber of the RAS V. L. Rusinov.

Department of Physical and Colloid Chemistry

Department of Physical and Colloid
Chemistry was founded in 1920. The
department was headed by professor
Pershke V.K. (1920-1931), docent Zino-
viev E.I. (1931-1933), doctor of chemi-
cal sciences, professor, Honored worker
of science and technology of the RSFSR
Mokrushin S.G. (1933-1971), professor,
Honored worker of science and technolo-
gy of the RSFSR Kitaev G. A. (1971-1996),
doctor of chemical sciences, professor
Makurin Yu.N. (1996-2002), and since
2002 to present time it is headed by pro-
fessor, Honored worker of higher school
Markov V. E.

The department offers 3 master pro-
grams: “Technology of materials and
products of optoelectronics and sensorics’,
“Physicochemical technologies of crystals
and infrared optical fibers”, “Chemical
thin-film technologies in optoelectronics
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and nanoelectronics’, and one bachelor’s
degree program - “Physicochemical tech-
nologies of materials of electronic tech-
nology and power industry”.

Academics, graduate and undergradu-
ate students of the department are en-
gaged in scientific research in the follow-
ing areas:

- quantum chemical modeling of the
structure, functional properties and reac-
tivity of molecules;

- development of technology of hydro-
chemical synthesis of thin films of dielec-
tric, semiconductor and metal materials;

- development of new, including na-
nostructured, sensor materials for infra-
red technology and chemical analysis;

- study and development of new fib-
er materials, scintillators, and based on
them creation of optical fibers for infrared
region of the spectrum;
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- synthesis and study of properties of
new X-ray contrast agents for medicine.

The department has trained more than
90 candidates and 6 doctors of sciences.

Department of Technology of Inorganic Substances

Department of Technology of inor-
ganic substances was founded in 1920.
The department was headed by professor
Yushkevich N.E (1921-1923), professor
Makovetskiy A.E. (1923-1929), profes-
sor Shabalin K. N. (1929-1937), professor
Kuzminykh IN. (1937-1943), professor
Vilnyansky Ya.E. (1943-1973), docent
Chukhlantsev V.G. (1973-1978), profes-
sor Desyatnik V.N. (1978-2001), profes-
sor Trifonov K. 1. (1997-1999), and since
2001 to present time it is headed by pro-
fessor Katishev S. E

The department implements the mas-
ter program “Chemical Technology of ba-
sic inorganic synthesis” and the bachelor’s
degree program “Chemical technology of
inorganic substances”

Scientific fields of the department are:

- physical chemistry and technology
of melts containing rare earth elements;

— development of methods of phys-
icochemical analysis of ionic equilibria in
complex composition solutions;

— physicochemical basis of preparation
of magnesium chloride feed to electrolysis;

— effective ways of using waste prod-
ucts of hydrofluoric and phosphoric acids
and fluorides;

- development and simulation of tech-
nologies for processing man-made struc-
tures.

To date the department has trained
2 Academicians, 4 laureates of the State
Prize, 5 doctors and 50 candidates of sci-
ences.

Department of processes and apparatus of chemical technology

Department of processes and apparatus
of chemical technology was established in
1920. The department was headed by pro-
fessor Makovetskiy A. E. (1920-1932), pro-
fessor Plyusnin V. G. (1932-1936), profes-
sor Shabalin K. N. (1936-1966), professor
Zaostrovsky EP. (1967-1991), professor
Pospelov E M. (1992-1995), professor Er-
makov A. A. (1995-2010), and since 2011
to present time it is headed by professor
Ermakov S. A.

The department trains bachelors in the
profile “Basic processes of chemical pro-
duction and chemical cybernetics”

Academics, staff, graduate and under-
graduate students of the department are
involved in fundamental and applied re-
search in two areas:

- intensifying the mass and heat trans-
fer under conditions of hydrodynamic in-
stability of the phases contact surface in
liquid-liquid systems;

- hydrodynamic separation of hetero-
geneous gas systems.

Department of Technology of Electrochemical Production

Department of Technology of Elec-
trochemical Production was founded
in 1923. The department was headed by
professor Shcherbakov I. G. (1923-1938),

professor Esin O.A. (1938-1944), pro-
fessor Levin A.I. (1944-1978), profes-
sor Pomosov A.V. (1978-1988), profes-
sor Rudoi V.M. (1988-1998), professor
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Samoilenko V. N (1998-2000), and since
2000 to present time it is headed by pro-
fessor Zaykov Yu. P.

Currently, the department offers one
bachelor’s degree program: “Technology
of electrochemical productions”, master
programs: “Electrochemical processes
and productions”, “Hydrogen and electro-
chemical power industry”, “Technology of
chemical and electrochemical materials
protection”.

The cooperation of the department
with factories of OJSC “Gazprom” has re-
sulted in the opening a new form of spe-
cialists education which is applied bach-
elor’s program.

The main scientific fields of the de-
partment are basic research in the field

of electrodeposition and electrocrystal-
lization of metals, protection against ma-
terials corrosion, production of current
sources:

- model description of electrocrystal-
lization of metals in the form of dendrites;

— electrolysis in nonferrous metallurgy;

- electrolytic molding of gold and sil-
ver articles;

- study of corrosion protective proper-
ties of paint coatings and protective alloys;

- improvition manufacturing process-
es and electrical characteristics of a lead
accumulator.

More than 40 graduates of the depart-
ment became doctors of sciences and 170
are candidates of sciences.

Department of chemical technology of fuel and industrial ecology

Department of chemical technology of
fuel and industrial ecology was founded
in 1923.

The department was headed by profes-
sor Rogatkin N.N. (1923-1944), profes-
sor Syskov K.I. (1944-1947), professor
Goftman M. V. (1947-1967), professor
Kharlampovich G.D. (1967-1997), do-
cent Shishov M.G. (1997-2008), and
since 2008 to present time it is headed by
docent Stakheev S. G.

Currently, the department offers the
following bachelor’s degree programs:

“Chemical technology of natural energy
resources” and “Environmental protec-
tion and rational use of natural resources,
as well as the following master programs:

“Chemical technology of natural energy
resources and carbon materials” and “In-
dustrial ecology and rational use of natu-
ral resources”

The main scientific fields of the depart-
ment are:

- optimization of processes of coal
processing and products produced from
them in different pyrogenetic processes;

- environmental impact assessment of
projects and the development of environ-
mental design documentation.

22 graduates of the department be-
came doctors of sciences and 130 are
candidates of technical and chemical sci-
ences.

Department of Machines and Apparatus for Chemical Productions

Department of Machines and Appara-
tus for Chemical Productions was organ-
ized in 1932. The department was headed
by professor Dal’-Chumachenko V.I.
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(1932-1941), professor Shabalin K.N.
(1941-1960), professor Volgin B.P.
(1960-1977), Berezin B.V. (1977-1982),
docent Yugay E.S. (1982-1996), profes-
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sor Chernomurov F. M. (1996-2006), and
since 2006 to present time it is headed by
professor Khomyakov A. P.

Today, the undergraduate training is
implemented on the bachelor’s degree
programs «Machines and apparatus for
chemical productions”, “Machines and
apparatus for food production,” and on
master’s degree program “Machines and
apparatus for chemical productions”.

The main scientific research fields of
the department relate to:

— development of heat and mass trans-
fer apparatus based on the Venturi tube;

- implementation of high-speed spray
type apparatus for the treatment of pro-
cess gases in a variety of productions;

- removal of harmful impurities, cool-
ing, absorption;

— development of systems of gas puri-
fication from dust, mist, vapor, based on
ejection type scrubbers;

- modernization of evaporation and
heat exchange equipment, boiler deaerators;

Department of Analytical Chemistry

Department of Analytical Chemistry
was founded in 1933. The department
was headed by docent Levin A. B. (1933-
1938), professor Tananaev N.A. (1938-
1959), professor Podchaynova V.N.
(1960-1977), professor Polezhaev Yu.M.
(1977-2000), since 2000 to present time it
is headed by professor Matern A. 1.

The department offers two master
programs “Electrochemical methods and
sensors for environmental and biological
objects monitoring”, “Instrumental meth-
ods of research in the pharmaceutical in-
dustry”. From 2015 the department offers
one bachelor’s degree program: “Instru-

- study of wear of parts of hydraulic
machines at cavitation and hydroabrasive
impact;

- development of apparatus in the
field of resource and energy saving tech-
nologies;

- use of hydrodynamic cavitation sys-
tems for dissipative heating; homogeniz-
ing and pasteurizing liquids for food and
industrial use;

- applying the principle of evapora-
tion-condensation heat exchange to cre-
ate technological and power equipment,
utilization of secondary energy resources;

- development and implementation of
energy technological complexes, provid-
ing the ultimate closure of material and
energy flows within the unit, department,
factory;

- investigation of processes and devel-
opment of equipment for the food industry.

The department has prepared 13 laure-
ates of Lenin and State Prizes of the USSR
Council of Ministers Prize, 7 doctors of
sciences, 107 candidates of sciences.

mental methods of analysis of natural and
technical objects”.

Currently, the department of analytical
chemistry of the CTI conducts active sci-
entific research. Main research fields are:

- development of sensors, instruments
and automated electrochemical complex
for environmental monitoring of heavy
metals in online mode;

- studies of antioxidant and anti-radi-
cal activity of solutions;

- non-enzymatic methods for determin-
ing diagnostically significant parameters;

- development of methods for electro-
chemical immunoassay;
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- study of the toxicity of nanoparticles;

- study of mechanisms electro-trans-
formations of organic compounds and
pharmaceuticals;

- definition of basic substance and im-
purities in pharmaceuticals.

Department of Technology for Organic Synthesis

Department of Technology for Organ-
ic Synthesis was established in 1947. De-
partment was headed by professor, Hon-
ored worker of science and technology of
the RSFSR Pushkareva Z. V. (1947-1982),
professor Shishkina V.I. (1982-1988),
professor Mokrushin V.S. (1988-2008),
from 2008 to present time it is headed by
professor Bakoulev V. A.

The department of TOS offers bach-
elors 3 bachelor’s degree programs:
“Chemical technology of organic sub-
stances”, “Biotechnology” and “Food bio-
technology” 6 master’s programs are im-
plemented: “Chemical technology of fine
organic synthesis”, “Chemical technology
of biologically active substances”, “Chemi-
cal technology of basic organic and petro-
chemical synthesis», «Chemical technol-

ogy of plastics,” “Medical biotechnology”,

Department of Inmunochemistry

Department of Immunochemistry
was founded in 2000 on the initiative and
with the participation of Academician
Chereshnev V. A., who heads the depart-
ment from the first days of creation and to
present time.

The department offers master program

“Immunobiotechnology”

Scientific activity of the department is
connected with the research in the field
of biochemistry and immunochemistry.
One of the research fields is the study of
non-enzymatic protein glycosylation re-
action that underlies the pathogenesis of
many social diseases. The second field
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“Food biotechnology” (in Russian and
English).

The main research fields of the depart-
ment are:

- fine organic synthesis in the field of
heterocyclic and natural compounds;

- creation of new advanced materials;

- development of new and improvement
of the known technological processes;

- nanotechnologies based on organic
compounds;

- medical, food and environmental
biotechnology.

Among the graduates and staff of the
department 370 people defended their
candidate’s dissertations, 40 - doctoral
dissertations, 20 graduates received the
State Prize, 15 became heads of depart-
ments of various universities.

is the study of mechanisms of cytokine
regulation of physiological processes in
blood cells and vascular walls in hypergly-
cemia. This work is done in collaboration
with the Institute of Immunology of the
Russian Academy of Sciences.

Currently, the Chemical Technology
Institute offers three directions for un-
dergraduate students: “Biotechnology’,
“Chemical technology”, “Energy and re-
source saving processes in chemical tech-
nology, petrochemistry and biotechnol-
ogy’, as well as offers the same directions
and the direction “Chemistry” for mas-
ters. The Institute implements 12 individ-
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ual bachelor’s degree programs within the
undergraduate education and 24 master
programs, including one in English.

In 2008, the educational program
“Technology of electrochemical produc-
tion” (TECP) passed the procedure of
public and professional accreditation of
the Association of Engineering Education
of Russia. Specialization TECP is the only
specialization in the Urals region, which
is assigned a European quality mark EUR-
ACE".

In June 2012 the basic education pro-
gram “Biotechnology” passed the proce-
dure of public and professional accredita-
tion of the Public Accreditation Agency
for Higher Education Quality Assurance
and Career Development and confirmed
the conformity of the quality of training of
graduates of the program to quality stand-
ards and quality assurance, established on
the basis of the recommendations of the
European Association for Quality Assur-
ance in Higher education.

In addition to academic work lecturers
and staft are actively engaged in scientific
research. Due to the internationalization
the research received a powerful impetus
for development. The number of articles

and books published in international
journals in English has been increased.
Original chemical compounds with bio-
logical activity have been synthesized.
Students under the guidance of lecturers
are actively involved in implementation
of sophisticated chemical experiments.
Foreign scientists from leading universi-
ties around the world often come to the
Institute to delivery lectures to staff and
students. On the other hand, our under-
graduate and graduate students regularly
travel abroad (Australia, Austria, England,
Belgium, Germany, China, USA and Ja-
pan) for undertaking scientific intern-
ships. There they can get a new experience,
gain new knowledge and improve spoken
English. Our staff and graduate students
often win grants for the implementation
of scientific research and participation in
Russian and international conferences.

In conclusion we would like to con-
gratulate all the academics, staff, stu-
dents and graduates of the Chemical
Technology Institute with the upcoming
anniversary! We wish you all success and
new victories! We love CTI! We wish CTI
all the best!
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3tanbl 60nbLOro nNyTH:
Halle Npowsioe U HacTosLee

Cratbst nocesilweHa 95-netHemy tobunelo X1MMKO-TEXHONOMMYECKOTO UHCTH-
Ty1a (XTWN) Ypanbckoro thepepanbHOro yHMBepcuteTa uMeHu mepsoro lpesu-
penta Poccum B. H. Enbumna (Yp®Y), KoTopblii coctoutcs B okTabpe 2015 roga.
3a 371 rogbl XMMUKO-TEXHONMOrNYECKWiA MHCTUTYT (XTU) npetepnen MHOXECTBO
CTPYKTYPHBIX Npeobpa3oBaHWii B COOTBETCTBUM C 3afavaMu, KOTOpble CTaBWiu
BpeMsi 1 pa3BuUTUE HaLLel CTpaHbl. B HacTosLee Bpems 3T0 40CTaTOUHO 60NbLLON
yyebHbIi 1 MCccnenoBaTenbCKUA MHCTUTYT, B KOTOpoM paboTatoT 6onee 100 npe-
rnofaBaTenei, 13 Hux cBbille 70 JOLEHTOB — KaHAMAAToB Hayk, 30 npodheccopos —
AOKTOPOB HayK, 3 akafemuka u 1 uneH-koppecnoHgeHT PAH, obyyaiotcs bonee

850 crygeHToB.

© be3matepHbix M. A., Cene3nesa U.C., 2015

B oxtsa6pe 2015 roma wmcmon-
HAeTcA 95 JIeT XMMUKO-TEXHOJIOTMYe-
ckomy ¢akynprery (XTP), Ypanbckoro
HO/IMTEXHNYECKOTO MHCTUTYTa VIMEHM
C. M. Kuposa (YIIN), a upiHe — XnMuko-

BcnomHuM, Kak 310 6bINO

17 mapta 1920 roga obpasoBacs xu-
Mu4ecknit (pakynIbTeT B pe3y/abTaTe pas-
JeleHna  XMMMKO-MeTasUlypIriu4ecKoro
¢daxynbTeTa YpanbCcKoro ropHOTO VHCTH-
TyTa Ha OTHe/bHbIe (QaKy/IbTeThl — XUMMU-
YeCcKMil M MeTaJ/uTyprudeckuii. B okraope
1920 roga oH Boiien B coctaB Ilomurex-
HIYECKOTO MHCTUTYTA, KOTOPbII HapALY
¢ TopHBIM U APYrUMM MHCTUTYTaMHU GBI
BK/IIOYEH B CTPYKTYPY BHOBbH CO3JJaH-
HOTO  YpaJbCKOTO TOCYHMBEPCUTETA.
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TexHomornyeckomy uHcTUTyTy (XTU)
Ypanbckoro denepanbHOTO  YHUBEPCHU-
TeTa MMeHM nepsoro IIpesmpenta Poc-
cunt b. H. Enpuyna (Yp®Y).

B mepBom yueOHOM romy Ha xumdaxe
oby4asnoch 145 cTyHeHTOB.

ITepBbIM flekaHOM (aKynbTeTa CTal
nprexaBummit B ExatepumHOypr mpodec-
cop IleTporpamckoro TeXHONMOTMYECKOTO
UMHCTUTYTA, 9NEeKTPOXMMUK AJIeKCaH[p
EBmenbeBny Makosenknii. Ero o npasy
MOYKHO Ha3BaTb OTLIOM YPajbCKOI IIKO-
7Bl MH)XXeHepOB-XMMMKOB. braropaps
snepruu A. E. MakoBerikoro Ha xumdaxe
HeliCTBOBa/M /1abOpaTOpUM KaueCTBEH-
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HOTO M KOJMMYeCTBEHHOIO aHaNn3a, op-
TaHMYECKO ¥ HEeOPTaHMYeCKO XMMUMH,
(usnyeckoil XMMMUM, CYXOJl IHeperoHKU
mepesa. Ilpuuem maboparopun Oblin
HOCTYIIHBI JJIA CTY/IEHTOB BCeX (PaKyib-
TeToB U pabdaxa. ITo ero mHmMIaTNBE
B lepmanyy n AHDIMYM OBUIM 3aKYIUIEHDI
TBICAYM KHUT M HECATKU >KYPHA/oB, 3a-
TIOKMBIINX CONMUIHYI0 OCHOBY Hay4HOII
O6MOMNOTEKN MHCTUTYTA.

B ¢espane 1922 ropma XuMMYECKUin
U MeTa/UTyprudecknit paky/nibTeTbl CHOBa
o0benyHeHbl B XMMUKO-MeTa/Typrude-
cxmit pakynpreT (XM®). Ha xummyeckom
ornenenyy XM® ocymiecTBiAnach IOJ-
TOTOBKA CIIEIMANNCTOB IO ILIECTU CIIe-
uanbHOCTAM: «OCHOBHBIE XUMMYECKUe
IPOM3BOJCTBA», «TexHOMOrNMS
TOB», «[eXHONOTMYecKas 9/1eKTPOXNMU»,
«TexHOMOrMA LIBETHBIX, OIarOPOIHBIX
U PENKUX METAJUIOBY», «IIuporeHHbIe IPO-
neccel» n «llemonosHo-6ymakHoe mpo-
U3BOJICTBOY.

6 mMaa 1925 roga Ypanbckumit rocypap-
CTBEHHBIIl YHMBEPCUTET ObLI Ileperme-
HOBaH B Ypa/lbCKUIl NOMUTEXHUYECKNUI
UHCTUTYT.

11 miona 1929 ropa pemennem CHK
PCOCP xumnueckoe otmenenne XM
npeo6pasoBaHO B  XMMUYeCKUil (a-
Ky/JIbTeT, JeKaHOM KOTOpOrO YTBep-
xpeH Hukonait HukonaeBuu PoratkuH.
B 1929/1930 y4e6HOM ropy Ha IepBbIi
Kypc xuMdaka 6bU10 IpUHATO 220 YeIOBEK.

B 1930 rony YIIV 6b11 epenaH B Befe-
Hrre BCHX, ero dakynbreTs! peobpasosa-
HBI B OTpac/ieBble BTY3bl, M HA HEKOTOPOe
BpeMs BO3HMK YPaIbCKUIT XMMUKO-TE€XHO-
normueckwit mHctuTyT (YXTU), momum-
HeHHbI [maBxumnpomy BCHX CCCP.

B 1930/1931 yue6nom roxy YXTU Ha-
qan paboTy B COCTaBe ILITY OTHETeHNI:
OCHOBHOIl XMMMYECKO} IPOMBIIITIEHHO-

CUINKa-

CTU; MMPOTEHHBIX IPOU3BOJCTB; allIapa-
TYPHO-KOHCTPYKTOPCKOT0; CH/IMKaTHOTO;
VH>KE€HEPHO-3KOHOMMYECKOTO.

28 maa 1934 rogy oTpacieBble BTY3bl
ObUIM 00BEVHEHbI B YPalIbCKMIl MHAY-
crpuanbHblit uHCTHUTYT (YVIM), B ero
COCTaB Ha IIpaBaX XMMMKO-TE€XHOJIOTIYe-
ckoro dakynbreTa Bomen YXTU, a 17 fe-
Kabpst 1934 roga YV 6b110 IPUCBOEHO
uma C. M. Kuposa.

B nauane Benmukoit OTedecTBeHHOI!
BOJHBI MHOTME IIperofiaBaTeNy, Haydy-
Hble PAa0OTHMKY U CTYHEHTbI (aKynbTeTa
YU Ha 3a1uTy Haweil Pogyunbl. OcTas-
IIasACA YacTh KOJIIEKTVBA BMECTe CO BCeil
CTpaHOI TpyAMIach I1oj meBusoM: «Bce
nna ¢ponra, Bce A nobensi!» IIpemo-
JaBaTe/AMU U y4eHbIMU XuMbaka Oblin
CO3JlaHBl M BHEJPEHBI B IPOM3BOJCTBO
cynbdaMuiHble IIpeIapaThl, KOTOpbIE
CIIOCOOCTBOBA/IM BBI3JJOPOB/IEHNIO PaHe-
HBIX BOVHOB; Pa3pabOTaHbl HOBbIE KaTa-
JM3aTOPBI 1A 6eCITaMEeHHOIO TOPeHNs
OeH3MHa C IIe/IbI0 IPUMEeHeHUsI BO PpOH-
TOBOJI aBMauMu At 060TrpeBa MOTOPOB
U KaOMH CaMOJIETOB; IIpOBefeHa padoTa
10 Pa3BUTUIO U VHTeHCU(UKAIUN IIPO-
M3BOJICTBA KOKCA M XUMMUYECKUX IPOyK-
TOB KOKCOBaHMA Ha 3aBOflax Ypaina.

B ¢espane 1948 roga YV 6bin 11e-
peuMeHOBaH B Ypa/lbCKUIl MOMMTEXHIYE-
cxuit uHCcTUTYT MeHn C. M. Kuposa.

24 pmexabps 1992 ropa YIIV nepeume-
HOBaH B YPaJbCKUI TOCY[JAPCTBEHHbIN
texHn4yecknit yausepcuret (YI'TY-YIIN).

B anpene 2008 ropa YI'TY-YIIN npu-
cBoeHo umsa nepsoro Ilpesmpenta Poc-
cuu b. H. Enpina.

B mnHacrosmee BpeMs B MHCTUTYTe
Ha 10 kadenpax paborator 6omee 100
npenopaBaresnel, u3 HUX cpbiue 70 po-
LIEHTOB — KaHAUJAaTOB Hayk, 30 mpodec-
COpPOB — MOKTOPOB HayK, 3 aKajleMMKa
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u 1 unen-xoppecnongentr PAH, obyua-
1orca okono 850 crypeHtoB. JHcTm-
TYT MMeeT IIMPOKUEe TBOPYECKUE CBA3U
¢ YpO PAH, menbiM psfoM IIPOMBIII-
NeHHbIX mpeanpuATuii CBepAIOBCKOIL,
Openbyprckoii, Yensbuuckoit obmacreis,
ITepmckoro u CTaBpONOIBCKOTO Kpas.
Bce xadenpbl aKTMBHO BeyT HAyYHYIO
pabory. Bomee 40 wemoBex o6ydaroTCs
B acIMpaHType. 3a MATb NOCIeTHNUX JIeT
Ha XTW 3ammuiieHo 4 JOKTOpcKux u 47
KaHIMAATCKUX [uccepranuit. B obre-
yHMBepcuteTckoM petitnare XTU cra-
OMIbHO BXOAUT B TPOVIKY JIYYIINMX VH-
cturyToB YpDY.

[TpemomaBareny, acOMpaHTBl U CTYy-
IeHTHI (paKy/nbTeTa TECHO B3aMMOZENCT-
ByeT ¢ Karommueckum yHMBepcuTeTOoM
(r. JleBen, benbrus), Kapn-Asryct Yunm-
BepcuteToM (fepMaHMA), € LeNIbIM pALXOM
3apybexxupix ¢upMm. MHOrme mpenopa-
BaTenM, acIMpaHTbl U CcTymeHThl XTU

Kadepapa oprannveckoit xummum

C 1924 o 1926 roxn xadenpy Bo3rnas-
man C.I. Kapmanos, ¢ 1926 no 1976 rog -
akagemunk PAH W.f. IlocroBckuii,
¢ 1976 ropa 1o Hacrosllee BpeMmsA — aKa-
memuk PAH, mokrop XuMmMmyeckmx Hayk
O. H. YymaxuH.

Ha xadeppe peanmmsyerca NMOAroToB-
Ka I10 IByM MarucTepCKuM IIporpaMMaM:
«KommekcHoe xummdeckoe u ¢usude-
CKO€ MCCIIefJoBaHNe 1 9KCIIepPTHAs OlleHKa
opraHnMyeckux Marepuanos» u «Menu-
LVHCKAsI XUMISI», II0 OFHOMY IpoduiIio
6axanaBpuara — «XUMMYECKask TEXHOTIO-
I'MsA CUHTETUYECKUX OMOIOIMYEcKM aK-
TUBHBIX BeIIeCTB, XUMMKO-(apMalies-
TUYECKUX INpenapaToB U KOCMETUYeCKIX
CpencTB».

Hayunble HanpasieHus xagenpsl OT-
HOCSITCSI K Pa3HBIM 00/IaCTsM MCCTIef0Ba-
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IpoLUIM CTXMPOBKY B HaHkalickoM
yuusepcurete (r. Tanp-’Kunp, Kurait),
XaBappckoM yHuBepcutere (r. Bammur-
toH, CIIIA), yHuBepcurete I. MapuieHz
(CIIA), KarommyeckoM YHMBepcUTeTe
(r. JleBen, bBenbrus), >KeneBckoMm yHu-
sepcutere  (IlBeitapus), Vopkckom
yuusepcurete (Benukobpuranms).

Bcero 3a 95-netHuto mcropuio XTU
Ob1710 BBIIYLIEHO 15 461 crenmamict (1H-
JKeHepoB, baKamaBpoB, MarncTpos). Kpo-
Me Toro, mpenogasarenu Kadenp XTU
OCYILECTB/ISIIOT 00pa3oBaTe/IbHBIL IIPO-
necc B VIHCTUTyTax MaTepyanoBeleHNA
n Meramwrypruu (VMMuMr), dynpamen-
tanpHOro obpasosanus (MHPO), Ypanb-
ckoM sHepretndeckoM (YpandHIIH),
Ousuko-rexnonornyeckom (OTU), Me-
XaHMKO-MalyHocTpouTensHoM (MMI),
PapgnosnekTpoHukun u MHPOPMAIMOH-
ubix TexHomoruit (VIPUUT-PT®).

HUII — OPraHM4YeCcKO} XVMMUU U OpraHu-
YECKOT'O CMHTE3Q, 1eKAPCMBEHHO XUMUL,
mamepuanosedeHuss, a UMeHHO:

— apoMaTnyecKkoe  HYKIeO(pUIbHOE
3aMelleHMe BOIOPO/ia B T€TEpOapoOMaTH-
YECKMX U apOMaTUYECKUX CUCTEMAX;

— CcO3JjaHMe€ METOJOB CMHTE3a reTe-
POILIMKIIOB, OCHOBaHHBIX Ha TaH/IeMHBIX
HYK/ICOQVIbHBIX PeaKIMAX PpasINIHOIo
TUTIA;

— KOHCTPYMpPOBaHIUe
YeCKUX COEeJMHEHNII, B TOM 4YUCTIe MIMEo-
X aTOMbI pTOpa B OOKOBOIT LIETIV VTN
apoOMaTU4eCcKOM AfIpe;

— paspaboTKa METONOB CUHTe3a aH-
THOMOTUKOB (PTOPXMHOIOHOBOTO psifia
u gpyrux unru6uropos JTHK-rupassr;

— HONCK BeIecTB, 06MafalolUX Ipo-
TUBOBMPYCHOI aKTUBHOCTDIO;

reTepoLKIN-
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— CHHTe3 BeleCTB, oOmafaommx pap-
MaKO/IOTMYeCKOIl aKTVBHOCTBIO — aHTHUKO-
ary/IsHTOB, AHTHATPETAHTOB, AHECTETHKOB
VD

— Cco3faHye MPOTUBOTYOEPKYIe3HBIX
[IpenapaTos;

— CHHTE3 M30TOIHO-MEYEHBbIX Opra-
HIYECKMX COeIVHEeHNIT;

- paspaboTKa MeTOHOB IIOTyYEHIs
BeIeCTB C KPUTUIECKN BBICOKMM COfep-
JKaHJeM a30Ta;

— pasButHe croco6oB crHTe3a 3 dex-
TUBHBIX KOMIIIEKCOOOpa3oBaTeneit Clie-
I[/1a/IbHOTO HasHAYeHNs,

— CO3JjaHMe OKCTPareHTOB pefKo3e-
MEJIbHBIX ~ 37IEMEHTOB, BBICOKOYYBCTBMU-
Te/IbHBIX CEHCOPOB I JIIOMUHECIIEHTHBIX
METOK;

— cospaHne BbICOKOI(D(DEKTNBHBIX Ka-
TAIUTUYECKUX CUCTEeM, B TOM YMC/Ie [t
aACYMMETPUYECKOTO CHHTE3a.

3a rompl cyuiecTBOBaHMs Kadempoit
IIOATOTOBIEHO 22 pokTopa M 135 KaH-
IUJIaTOB XMMMUYECKUX HayK. YeTwlpe co-
TpyAHMKA Kadenpsl M30paHbl WIeHAMM
PAH - akagmemuku V.. IlocTtoBckmii,
O.H. Yynaxusn, B.H. Yapymmns u unen-
koppecnionnienT PAH B.JI. Pycunos.

Kadeapa dumsuyeckoit u konnougHo XumMmm

Kadenpa dusnueckoit 1 KO/IongHOM
xumum ocHosaHa B 1920 ropy. Kadenpy
Bosrmassin mpodeccop B.K. Ilepuike
(1920-1931), pouenr E.V. 3unHoBbEB
(1931-1933), p.x.H., mpodeccop, 3a-
CIIY>)KEHHDBIII JieATellb HAyKU U TEXHUKU
PCOCP C.I. Mokpyumu (1933-1971),
. X. H., npoeccop, 3acIy>KeHHBIl hed-
Tenb Hayku u TexHuky PCOCP I A. Ku-
taeB (1971-1996), p.x.H., mpodeccop
0. H. Makypus (1996-2002), a c 2002 1. —
E. X. H., Ipodeccop, MOYeTHbI pabOTHIK
BbIcHIeil mKosbl B. @. Mapkos.

Ha xadenpe OTKpBITBI TpU Marucrep-
ckie mporpammbl: «TexHomornu Mare-
pMaTOB ¥ U3JENMIT OITO3/IEKTPOHNKMN
U CeHCOpUMKM», «DU3NKO-XMMUYecKe
TexHonoruy kpucramios u VMK-cseroso-
HoB», «XUMMUYeCKVe TOHKOIIEHOYHbIe
TEXHOJIOTUM B OITOSTIEKTPOHMKE U HaHO-
97IEKTPOHMKE» 1 OfMH IPoduIb 6aKaaas-
puata — «DU3MKO-XUMIYECKVe TeXHONO-
TUY MaTepyajloB 3/IEKTPOHHON TEXHMKMI
Yl 9HEPTeTUKI».

ITpenogaBareny, acoMpaHTBl U CTy-
HeHTBbl Kadenpbl 3aHMMAIOTCA HAYYHOI
PaboTOIt 110 C/IEMYIONVIM HAaIlPaBICHNAM:

~ KBaHTOBO-XMMMYECKOE MOJIENUpPO-
BaHUE CTPYKTYpbl, (YHKIMOHATbHBIX
CBOJICTB M PEAaKI[MOHHOJ CIOCOOHOCTU
MOJIEKYTT;

— paspaboTKa TEXHOMOTUY TMAPOXU-
MUYECKOTO CHMHTe3a TOHKUX ITIJICHOK Ju-
9NMEKTPUYECKUX,  TIOMYIIPOBOHUKOBBIX
U MeTa/INMYeCKUX MaTepuaoB;

— paspaboTKa HOBBIX, B TOM UMCJIe Ha-
HOCTPYKTYPUPOBAaHHBIX, CEHCOPHBIX Ma-
TepuanoB A MHPPAKPACHON TEXHMKM
U XMMUYECKOTO aHA/IN33;

— HCCIefoBaHMe U pa3paboTKa HOBBIX
BOJIOKOHHBIX MaTepUanoB, CUUHTUIIIA-
TOPOB I CO3/laHNe Ha X OCHOBE CBETOBO-
moB s VIK-o6macTu ciekTpa;

— CHMHTe3 M MCCNefloOBaHMe CBOICTB
HOBBIX PEHTT€HOKOHTPACTHBIX BelljeCTB
I/151 MU MHBL.

Kadenpoit moprorosneHo  6onee
90 KaHAMJATOB U 6 JOKTOPOB HayK.
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Kadhegpa TexHonorun HeopraHM4eckux BeLiecTs

Kadenpa rtexHomormm Heopraumde-
CKUX BellleCcTB OCHOBaHa B 1920 ropy. 3a-
BenyoummMu Kadenpoiit 651 mpodeccop
A. E. Maxosenknit (1923-1929), npodec-
cop H.®. Omkesnu (1921-1923), mpo-
deccop K.H. IMMabammu (1929-1937),
npogeccop M.H. Kyspmmupix (1937-
1943), mpodeccop .E. BumpHsanckuit
(1943-1973), mouent B.I. Yyxsanies
(1973-1978), mpodeccop B. H. lecaTHux
(1978-2001), mpodeccop K.UM. Tpudo-
HOB (1997-1999), ¢ 2001 r. — mpodeccop
C. ®. KaTbples.

Ha xadenpe peamusyercs marucrep-
cKast mporpamma  «XnmMuYecKas
HOJIOTYSI OCHOBHOTO HEOPTaHMYeCKOro
cHTE3a» U podumb 6akamaBpuaTa «Xu-
MyYecKas TeXHOJOTNSI HeopraHMYecKMx
BeIIleCTB».

K nayunbIM HampaBreHusaM Kadenpst
OTHOCATCS:

TEeX-

- ¢usndeckas XUMUS ¥ TEXHOMOTMS
PacIIaBoB, COfEpIKAIMX PeRKO3eMesb-
Hbl€ 9/IEMEHTBI;

- paspaborka MeTOOB (UIMKO-XU-
MIYECKOTO aHajM3a JOHHBIX paBHOBe-
CIII B pacTBOPAX CTIOKHOTO COCTaBa;

- (GU3MKO-XUMMWYECKHE OCHOBBI IIOfI-
TOTOBKM XIOPMAarHMEBOTO ChIPbS K 37I€K-
TPONN3Y;

- addexTuBHDBIE
[O/Tb30BaHMsI  OTXO[[OB IIPOM3BOJCTBA
¢dropoBogoponHoit 1 ¢pocopHOil Ku-
CIIOT U (PTOPUCTBHIX COTENt;

— paspaboTKa 1 MOJeNNpOBaHIE TeX-
HOJOTMIT  TIePePabOTKU  TEXHOTE€HHDIX
06pa3oBaHMIL.

Ha ceropgusmnuii nesp kadenpa mogu-
TOTOBW/IA 2 aKaJjleMUKOB, 4 nmaypearos lo-
CyHapCTBEHHOI IIpeMuy, 5 JOKTOPOB HayK
u 6onee 50 KaHANIATOB HayK.

HallpaBlI€eHNsA  MC-

Kadeapa npoueccoB 1 annapatoB XMMU4YeCKOI TEXHONOTUK

Kadenmpa mnponeccoB u ammapaTos
XMMMYECKOIl TEeXHOJIOTUM OPraHN30BaHa
B 1920 ropny. Kadenpoit 3aBegosamm npo-
deccop A.E. Makoseuxuii (1920-1932),
npodeccop B.T. Ilmocaun (1932-1936),
npodeccop K. H. Mabamuu (1936-1966),
npodeccop @.I1. 3aocTpoBckuit (1967-
1991), mnpodeccop &.M. Ilocmenos
(1992-1995), nmpodeccop A. A. Epmaxos
(1995-2010), ¢ 2011 roma — mpodeccop
C. A. Epmakos.

Kadempa roroBut 6akamaBpoB 10
npodunio «OCHOBHBIE IPOLIECCHl XMMI-

YeCKVMX MPOM3BOLCTB ¥ XMMMUYECKast KI-
OepHeTHKa».

[IpenogaBareny, COTPYSHMKY, aCIN-
PAHTBL U CTYHEeHTHbI Kadenpbl IIPOBOAAT
dyHmaMeHTaNbHble U NPUKIAJHBIE VC-
CTIeOBAHMS 110 ABYM HAIIPaB/IEHVSIM:

- VMHTeHCHUKALMS MAacco- U TEIIo-
o6MeHa B YC/IOBUAX TM/POANHAMIYECKOIT
HEYCTOMYMBOCTY IIOBEPXHOCTY KOHTAKTa
¢as3 B cucteMax JKUJKOCTh-XKIUAKOCTD;

— TUAPOAMHAMMYECKOE  pasfie/ieHIe
HEOJJHOPOJ{HBIX Fa30BBIX CUCTEM.

Kadhegpa TexHonorun aneKTpoxXxmmMmu4yeckux npousBogCcTB

Kadenmpa TexHOmornm asnexTpoxmmu-
YeCKUX IPOU3BOJCTB OCHOBaHa B 1923
rony. Kadenpy Bosrnasnsanu npodeccop
V.T. Ulep6akos (1923-1938), mpodec-
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cop O. A. Ecun (1938-1944), mpodeccop
A.V. Jlesun (1944-1978), mpodeccop
A.B. ITomocoB (1978-1988), mpodeccop
B.M. Pymoit (1988-1998), npodeccop
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B.H. Camoitnenko (1998-2000), ¢ 2000
roga — mpodeccop 0. I1. 3arikos.

B Hacrosmee BpeMs Kadezpa rOTOBUT
6akamaBpoB 1o mpodumo «TexHonorns
9/IeKTPOXUMUYECKUX TIPOMU3BOACTBY», Ma-
TUCTPAHTOB IO NpOrpaMMaM «3ITIEeKTPO-
XMMMUYeCKue IpOoLecchl U IPOU3BOACT-
Ba», «BojopoHast 1 91eKTpOXuMuIecKas
9HepreTyKa», « TeXHONMOTUSA XMMUYIECKO
U 3NMEKTPOXMMUYECKON 3alIUThl MaTepu-
a7noB».

Pesynbratom B3ammopeiicTBusA Kade-
apul ¢ npepnpuaruamu OAO «[asnpom»
CTalo0 OTKPBITVE HOBOW (GOpMBI 00yUe-
HIsI CIIeLMaIMCTOB IPUKIAJHOro 6Oaka-
7aBpuara.

OCHOBHBIMU HAYUHLIMU HANPABTIEHU-
Amu Kadepsl ABIAITCA PYHIAMEHTa/lb-
Hble JMCCTeNOBaHNsI B 00acTH 37IEKTPO-

OCaXKJEHNA U 3JIEeKTPOKPUCTAIN3ALNN
METaJlJIOB, 3aIlUThl OT KOPPO3UN MaTepu-
aJ10B, IPONU3BOJICTBA MICTOYHUKOB TOKa:

— MOJle/IbHOE OIlMCaHMe 3IeKTPo-
KPUCTA//IM3AUM  METAJJIOB B  BUJE
LEH/IPUTOB;

~ 3JIEKTPOJIU3 B LIBETHOI METAJLLY PIIAN;

- anmeKkTponuTuieckoe (opmoBaHue
M3IeNuit U3 30710Ta 1 cepebpa;

=~ HCCIeoBaHNe KOPPO3MOHHO-3a-
IIUTHBIX CBOJMCTB JIAKOKPacCOYHBIX IIO-
KPBITUIL I TPOTEKTOPHBIX CII/IABOB;

— COBEpIIEHCTBOBaHME TEXHOIOTMYe-
CKMX IIPOLIECCOB IPOU3BOACTBA U 3JIEK-
TPUYECKUX XapaKTEPUCTUK CBUHIJOBOIO
aKKyMy/ATOpa.

Bornee 40 BBITYCKHUKOB Kadenpbl CTa-
U TOKTOpaMu Hayk u 170 - xaHpgupara-
MI HayK.

Kacdeapa xuMuuyeckoii TeXHOMOrMM TON/IMBA U NPOMBILLZIGHHOW 3KONIOMUK

Kadenmpa xymmdeckoil TeXHONIOIUM
TOIUIMBA ¥ IIPOMBILUICHHOV 3KOIOIMU
ocHoBaHa B 1923 rogy.

Kadenpy Bosrmasmsamum mpodeccop
H. H. Porarkus (1923-1944), mpodeccop
K. M. CeickoB (1944-1947), mpodeccop
M. B. Tobrman (1947-1967), mpodeccop
[ I. Xapnammosuy (1967-1997), poueHt
M.T. Ilnmwos (1997-2008), ¢ 2008 ropma —
pgoueHt C. I. Craxees.

B nacrosmee Bpemsa kadenpa roro-
BUT 6akamaBpoB 1o npodumam «XuMu-
Yyeckas TEXHOJNOIMA IIPUPORHBIX SHep-
roHocurenei» 1 «OxpaHa OKpYsKaroLeit
cpenbl M palViOHATbHOE MCIIOTb30BaHNe
IPUPORHBIX PECYPCOB», a TAKKe Maru-
CTPAHTOB IO IIPOrpaMMaM «XUMIYecKas

TEXHOJIOTMA TPUPOLHBIX SHEPrOHOCUTE-
JIeii M yI7IEpOfIHBIX MaTepuanos» u «IIpo-
MBIIIJIEHHAsA SKONIOTUA M palllOHaIbHOE
VICTIONIb30BaHIe IIPUPOIHBIX PECYPCOB».

OCHOBHBIMU Hay4HBIMM HallpaB/IeHU-
stMM paboThI Kadepbl ABISIOTCS:

~ ONTMMM3aLVA IIPOLECCOB IIepepa-
OOTKM yI/Ieil U MOMy94aeMbIX U3 HUX IIPK
PasNIMYHBIX MMPOTEHETUYECKUX IIpOoIec-
CaX IPORYKTOB;

— SKOJIOrMYeCcKas 3KCIEpPTU3a IpPOeK-
TOB ¥ paspaboTKa 9KOIOTMYECKONl Ipo-
€KTHOJ JJOKYMEHTaL M.

22 BBITYCKHMKA Ka(be,upbl CTanu IOK-
TopamMu HayK 1 130 - KaHguzaTamu Tex-
HUYECKMX U XMMUYIECKMX HaYK.

Kadegpa MawmH ¥ annapaToB XUMU4ECKUX NPOU3BOACTB

Kadenpa mammH M ammapaToB Xu-
MUYECKMX IIPOM3BOACTB  OpraHM30Ba-
Ha B 1932 romy. Kadenmpy Bosrmasma-

m upogeccop B.V. Tanp-Uymauenko
(1932-1941), npodeccop K. H. Illabanuu
(1941-1960), mpodeccop b.II. Bonruu

185



Ne 3| 2015
Chimica Techno Acta

be3martepHbix M.A., Cenesnesa W.C.

(1960-1977), B. B. Bepesus (1977-1982),
monent ®.C. IOrait (1982-1996), mpo-
¢deccop ©. M. Yepromypos (1996-2006),
€ 2006 roga — mpodeccop A. IT. XomsKoOB.

CeropnHs o6ydeHne B paMKax 6aKajas-
puara BefeTcst o npodwiiM «MamyHst
U anmaparsl XMMUYECKUX IPOU3BOACTBY,
«MaIINHbI 1 annaparsl OUIIEBbIX ITPOU3-
BOZACTB» 11 B MarucCTparype Io Iporpam-
Me ««MalyHpl 1 anmaparsl XUMUIeCKIX
IIPOU3BOJCTB.

K OCHOBHBIM Hay4YHBIM HaIlpaBIeHNU-
SIM [esITe/IbHOCTI Kaeapbl OTHOCATCS:

- paspaboTKa TemIo- M Maccoob-
MEHHBIX alllapaToB Ha OCHOBe TPYOBI
Bentypu;

— BHefIpeHJe CKOPOCTHBIX aIIlapaToB
pacmpUIsgoNlero Tuma s 06paboTKu
TEXHOJIOTMYECKNX Ta30B B Pas/IMUHbIX
IPOU3BOACTBAX;

— OYNCTKA OT BPeJHbIX IIPUMeCet, OX-
maxeHue, abcopOIs;

— paspaboTKa CHUCTeM OYMCTKM Ta-
30B OT IIBUIM, TYMaHa, [IapOB Ha OCHOBE
CKpy00€epOB 9)KeKIMOHHOTO THUIIa;

— MOJepHM3alMs BBIIAPHOTO M Te-
II00OMEHHOTO0 00OpYHOBAHNUSA, KOTE/b-
HbIX JIea9PaTOPOB;

— UCCIeNOBaHMsA W3HANIMBAHUA Jie-
Tajell IUAPABINYECKUX MAIIMH MPU Ka-

Kadeppa aHanutuyeckoit xummm

Kadenmpa aHammruyeckoit —Xxummm
ocHoBaHa B 1933 ropy. Kadepnpoit 3aBe-
nosanu noueHT A. Bb. Jleun (1933-1938),
npodeccop H. A. Tananaes (1938-1959),
npodeccop B.H. IlopuaiinoBa (1960-
1977), mupodeccop I0.M. Ilonexaes
(1977-2000), ¢ 2000 roga — mpodeccop
A. V1. MarepH.

Ha xadegmpe Begercss mOAroTroBka
MarucTpaHTOB IO J[IByM IIporpaMMaMm
«DJIeKTPOXMMUYECKIe METOMbl M CeHCO-
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BUTALIOHHOM ¥ I'MAPOAbpasuBHOM BO3-
TIeVICTBUN;

— paspaboTka ammaparoB B o6mactu
pecypco- u 3Heprocbeperawolinx TeXHO-
JIOTUIA;

— IpUMEHeHNe TUIPOAMHAMUYECKIX
KaBUTAI[MOHHBIX YCTaHOBOK [/ JIUC-
CUTIATMBHOTO HarpeBa; TOMOTEHM3alVM
U TTacTepU3aluy KUIKUX Cpef MAIeBOro
U TEXHMYECKOrO Ha3HaYeHM;

— IpUMeHeHue IPYHILINIA VICIIAPUTe/Ib-
HO-KOHJIEHCALIVIOHHOTO TeIVIOOOMeHa Mis
CO3/IaHMA TEXHOJIOTMYECKOTO U TeITI09HEp-
TeTUYECKOr0 00OPYZOBaHNS, YTU/IM3ALN
BTOPMYHBIX 9HEPrOHOCUTEIEN;

— pas3paboTKa U BHENpEHME 3HEpro-
TEXHO/IOTMYECKMX KOMIUIEKCOB, obecre-
YMBAIOINX TpElebHYI0 3aMKHYTOCTDb
MaTepUaNbHbIX U SHEPreTUYecKUX IOTO-
KOB B paMKax arperara, liexa, Ipeanpus-
TIA;

— JMccnefoBaHye TPOIEeCCOB 1 paspa-
00TKa ammaparypbl AjIs IMIIEBBIX IIPO-
U3BOJICTB.

Kadenpoit nmogrorosnexo 13 maype-
atoB Jlenmnckonn m locymapcTBeHHOM
npemuit CCCP, npemun Cosera Munu-
CTpOB, 7 MOKTOPOB HayK, 107 kaHpupa-
TOB HayK.

PBI U1 MOHUTOPUHTA OKPY>KaloLIlell cpe-
IObl M OMONOrM4YecKnx OoObeKTOB», «VIH-
CTPYMEHTa/IbHble METOIbI MICCTIeOBAHNA
B dapmanesTuke». B 2015 rogy xadenpa
OTKpblTa OakamaBpmar MO MpOGUII0
«VIHCTpyMeHTa/IbHble METOAbl aHajM3a
IPUPORHBIX U TEXHNYECKUX OOBEKTOB.

B nacrosiee Bpems Kadenpa aHanu-
tideckoit xumuu XTV BeieT akTUBHYIO
Hay4yHylo pabory. OCHOBHBIE HalpaBbiie-
HIA VCCTIeOBaHMIl:
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— paspaboTKa CeHCOpOB, NPUOOPOB
Y aBTOMATMYECKOTO I/IEKTPOXMMUYECKO-
r0 KOMIUIEKCA J/IsI 9KOMOHUTOPUHIA TsI-
KeTIbIX MeTa/UIOB B online-pexxume;

— MCCNefoBaHNUA aHTMOKCUIAHTHOI
U aHTUPAJMKaIbHON AaKTMBHOCTM pac-
TBOPOB;

- 6echepMeHTHbBIE METOLBI OIIpefeie-
HUA IMACHOCTUYECKU 3HAUMMBIX ITapaMe-
TPOB;

— paspaboTKka MeTO[OB 3JIeKTPOXU-
MUYECKOTO UMMYHOAHA/IN33;

— JccrefoBaHMe TOKCMYHOCTM HaHO-
JacTull;

— JCCNefloBaHME MEXaHU3MOB 3JleK-
TpOIpeBpallleHNiI OpraHMYecKUX COoefu-
HeHWT 11 papMIIpenaparos;

— ollpefiefieHNsI OCHOBHOTO BeIlleCTBa
U IpuMeceil B papMIIpenapaTax.

Kadegpa TexHonorum opraHn4eckoro cuHTesa

Kadenpa TexHomornm opraHmvecko-
ro cunresa (TOC) opranusoBana B 1947
rony. Kadenpoit 3aBegosanmm npodeccop,
3aCITy )KeHHBI JieATeNb HayKM U TeXHUKU
PCOCP 3.B. Ilymkapesa (1947-1982),
npodeccop B. M. Ilnmknna (1982-1988),
npogeccop B.C. Moxpymnn (1988-
2008), ¢ 2008 roga 1o HacTOsAIIlEee BpeMsI —
npogeccop B. A. Bakyrnes.

Kadenpa TOC Bpimyckaer 6axanas-
poB 1o TpeM npoduaam: «XuMmudeckas
TeXHOJIOTMsI OPTaHMYECKUX Bel[eCTB»,
«buorexnonorus» u «Ilumesaa 6uo-
TeXHO/MOIMsA». Peanmsylorcsa mectb Ma-
TUCTePCKUX Iporpamm: «XmMmdeckas
TeXHOJIOTMsI TOHKOT'O OPTaHMYeCKOTro
CUHTe3a», «XUMMUYECKasd TEeXHOIOTUI
6MONMOrMYEeCKM AKTUBHBIX  BELIECTBY,
«XMMu4YecKkasi TEXHOJOTUS OCHOBHOTO
OpraHMYecKoro u He(TeXMMUIECKOro
«XUMMYecKass TEXHOIOTUS
«MenmuimHcKas
«[IumeBas 6uorex-

CUHTEe3a»,
IJIACTUYECKUX Macce»,
610TEeXHOIOT U »,

Kacdeapa nMmmyHoxuMum

Kadenpa mmMyHOXMMMM OCHOBaHa
B 2000 romy mo MHUIMATUBE U IIPU y4Ya-
ctun akajgemuka PAH B. A. Yepemnesa,
KOTOPDIJ C IIEPBBIX JIHEW CO3[aHMA U IO
HacTosllee BpeMs BO3I/aB/AET Kadenpy.

HoO/orusA» (Ha PYCCKOM M aHIIMIICKOM
A3bIKAX).

OCHOBHBIMU Hay4HBIMM HallpaB/IeHU-
AMMU Kaefpbl ABIAIOTCA:

~ TOHKUII  OpraHMYecKUm
B 00/aCTM TEeTEPOLMKINYECKUX W IIPU-
PORHBIX COENVIHEHNIT;

CUHTE3

~ CO3[aHMe HOBBIX IIE€PCIEKTUBHBIX
MaTepuasos;

— paspaboTKa HOBBIX U COBEPLIEHCT-
BOBaHIE M3BECTHBIX TEXHOMOTUYIECKUX
MIPOLIECCOB;

— HaHOTEXHOJIOTM) Ha OCHOBE Opra-
HIYECKUX COENVHEHNIT;

— Me[VILMHCKAs, IuIeBas ¥ 9K0OMo-
TEXHOJIOTHS.

W3 ymcma BBITYCKHUKOB M COTPYJ-
HMKOB Kadenpsl 370 yemoBeK 3alUTIUIN
KaHpupaTckue puccepranum, 40 — fo-
KTOpcKMe, 20 BBIIYCKHUKOB CTali JIay-
peatamu TocygapcTBenHoN npemun, 15 -
3aBefyoLMMU KadenpaMyl pasIMIHBIX
BY30B.

Kadenmpa BemeT mnOAroToBKy Maru-
cTpaHTOB 1o mporpamme «VIMMyHOOMO-
TEXHOJOTHSI».

Hayynaa pesaTenpHocTh Kadenpsl
CBf3aHa C MCCIEOBAaHMUAMM B 00/1acTu
OuoxumMuy u uMmyHoxumun. OgHUM U3
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Hay4YHbIX HAIpaB/IeHNIl AB/IAETCA U3yde-
HYe peakuuy HedepMEeHTaTMBHOIO IJIN-
KO3WIMPOBaHMA O€/IKOB, KOTOpas JIeKUT
B OCHOBE I1aTOr€He3a MHOTYX COLMa/IbHO
3HAYMMBIX 3abomeBaHWiT. Bropoe Ha-
IIpaB/IeHMe — MCCTIeOBaHNe MeXaH3MOB
LUTOKVHVMHOBOI peryiauuyu  ¢$usmosno-
TMYeCKMX IIPOLECcCOB B KJIETKaX KPOBMU
U COCYQMCTON CTEHKM B YCIOBUAX IM-
nepriaukeMun. Jta paboTa BBIIOTHAETCS
COBMECTHO C VIHCTUTYTOM MIMMYHOIOT Y
PAH.

B Hacrosmiee BpemMsA B XMMMKO-TEX-
HOJIOTMYeCKOM MHCTUTYTe BefeTcsA IOf-
rOTOBKa OaKa/JaBpOB IO TpeM Halpasiie-
HyAM: «brorexnonorusa», «Xummyeckas
TEXHOJIOTHSI», «JHepro- n pecypcocbepe-
raomye IpoLecchl B XNMIYECKOIl TEXHO-
norunt, HepTEXUMMUN U OMOTEXHOMTOT N,
a TaloKe MAaruCTPaHTOB IO 3TUM )Ke Ha-
HpaBlIeHMAM M [0 HAIpaBlIeHMio «Xu-
Musa». B pamkax 6akamaBpyara peanusy-
eTCs MOATOTOBKA 110 12 MHVIBMIyaTbHBIM
TpaeKTOpysM (IpopusiM) ¥ B MarucTpa-
Type OTKPBITO 24 Marucrepckue mporpam-
MBI, B TOM 4NC/Ie OfHA Ha AHIIIMIICKOM
A3bIKe.

B 2008 romy o6pasoBarenbHas Npo-
rpaMMa «TeXHOMOIMS 3NMeKTPOXUMUYe-
CKMX TIPOM3BOACTB» NPOILUIA IPOLERYPY
006111eCTBEHHO-TTPOdECCHOHATTBHOIT
KpenuTanyy AcColyanuu NHXeHePHOTo
obpasoBauust Poccun. CriennanbHOCTD
TOXII - emuHCTBEHHas CHEIMATbHOCTD
B Ypa/ibCKOM permoHe, KOTOPO IIPUCBO-
€H €eBpOIeNCKui 3HaK KadectBa EUR-
ACE".

B urone 2012 ropma ocHoBHas obpa-
30BaTenpHas mporpamma «buorexnomo-
mpouta  obuiecTBeHHO-TIpodec-
CMOHA/IBHYI0 aKKpeUTalnio AreHTCTBa
1O OOIeCTBEHHOMY KOHTPOJIIO KadecT-
Ba 00pa3oBaHUs ¥ PasBUTUIO Kapbepsbl

aK-

TUA»
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U TOATBEpAVIa COOTBETCTBME KauecTBa
MOJTOTOBKM BBIITYCKHUKOB IPOTPaMMbl
CraHgapTaM KadecTBa U TapaHTUIl Kaue-
CTBa, yCTAaHOBJIEHHBIM HAa OCHOBaHUM pe-
KOMeHjaumi1 EBporeiickoil acconyanmumu
rapaHTuil KadecTBa B BbICIIEM 06paso-
BaHUIU.

IToMumo y4ue6HOI pabOThI, Ipernopa-
BaTe/MM M COTPYAHUKM Kadeap aKTMBHO
3aHMMAIOTCS HAyYHBIMU MCCIIEJOBAHMUAA-
Mu. braropaps MHTepHaUMOHAIM3ALUN
Hay4Hble UCCTIENOBAHNA TTOTYyYUIN MOLI-
HBII1 MIMITYZIbC K Pa3BUTHUIO. YBENUUUIOCH
KOJIMYeCTBO CTarTeil M MOHorpaduii, omy-
O/IMKOBAaHHBIX B MEXJYHApPOLHBIX >Kyp-
HajlaXx Ha aHIIMICKoM sA3bike. CuHTe-
3MpOBAaHbl OPUTMHAJIbHbIE XMMMYECKMe
COeVHEHMSI C OMOMOrMYEeCKOl aKTUB-
HOCTbI0. CTYZIeHTBbl IIOf PYKOBOJCTBOM
IpenojaBaTesiell aKTUBHO y4YacCTBYIOT
B BBIIOJTHEHMM CJIOKHBIX XMMMIYECKMUX
sKcnepuMeHToB. K HaMm yacTo mpuesxa-
I0T MHOCTpPaHHbIe y4YeHble M3 BeAYLIMX
YHUBEPCUTETOB MUpa [Ad YTeHUS JIeK-
Uil COTpyAHMKaM Kadempsl M CTy/eH-
taM. C gpyroil cTOpPOHBI, HAIlM CTY[EH-
TBl ¥ aCIIMPAHTBI PETYAPHO BbIE3KAIOT
3a pybexx (ABcrpammsa, ABcTpus, AHI-
mus, benprus, ITepmannua, Kurair, CIIA
n SIOHMS) IS MPOXOXKAEHNUS HAyIHDBIX
CTaXXMPOBOK 3a pybeskoM. Tam oHuM mpu-
06peTa10T HOBBIMI >KU3HEHHBIN OIBIT,
[IOJIy4al0T HOBble 3HAHUA U COBEpILIeH-
CTBYIOT Pa3TOBOPHBIV aHITIMIICKII A3BIK.
Hamm coTpymHUKM M acCIMPAHTBI YacTo
BBIUIPLIBAIOT TPAaHTbl Ha BBbINOTHEHME
HAay4YHBIX PabOT M /IS y4acTus B poC-
CHIICKUX U MEXIYHAapOJHBIX KOH(pepeH-
LMAX.

B 3akmrodeHme Xxodercs INO3JPaBUTH
BCeX IpenogasaTeneii, COTPyIHUKOB, CTY-
JHEHTOB U BBINNYCKHNKOB XIMMKO-TEXHO-
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JIOTUYECKOTO MHCTUTYTA C NPENCTOALIMM  YCIIeXOB U HOBBIX 06ex! MbI mo6um Tebs,
womteem! JKemaem Bcem TtBopueckux XTU!Kusu, mpouBeraii u KpemHm!
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Some features of the mechanism of the anode process on platinum in
KF-NaF-AIF -AlO, melt at 750-780 °C depending on the of anodic current
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Introduction

At the present time research
is directed to the development of phys-
icochemical bases of technology for pro-
duction of aluminum by electrolysis of
KF-NaF-AIF,-AL O, melt at 750-850 °C
using non-consumable anodes conduct-
ing in the world [1-3]. In order to avoid
a rapid corrosion of the anodes it is nec-
essary to select both its formulation and
a method of manufacturing, and optimal
electrolysis modes. The latter implies the
establishment of regularities of kinetics of
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oxygen release at the anode using electro-
chemical methods of analysis. Platinum
can serve as an experimental model of a
non-consumable anode.

Earlier [4] a comparative analysis
of experimental and modeling station-
ary polarization curves for platinum in
KF-NaF-AIF,-AL O, melt at 725-800 °C
has been conducted.

It has been shown that the primary
charge transfer to form O_, particles ad-
sorbed on platinum is accompanied by
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their desorption by physical or electro-
chemical mechanism. A more complete
description of the mechanism features of
the process under study can be achieved
as the result of using the complex of elec-
trochemical analysis methods, including
non-stationary ones.

Experiment

Experiments were performed in
alundum crucible [4], which was placed
in a quartz cell purged with argon or
oxygen. The auxiliary nichrome elec-
trode was placed in a porous alundum
tube that serves as a diaphragm. As the
working electrode platinum purity of
99.9926 % (JSC “Revda Non-Ferrous
Metals Processing Works”) was used.
As the reference electrode a gas carbon
electrode [5] in the equilibrium mixture
of CO and CO, served. Measurements
were carried out in the melt (wt. %):

Results and discussion

Figure 1 shows typical curves of
change in the potential of the platinum
anode obtained on platinum in KF-NaF-
AlF -AlL O, melt at 750-780 °C when cut-
ting on and cutting off the anode current.
A peak in cut on curve is observed at low
current densities (up to =30 mA/cm?). In-
creasing the anode current density from
0.5 to 30 mA/cm? results in shifting of a
peak potential from = 0.44 to 0.58 V in re-
spect of the carbon electrode and reduc-
ing the transition time from 1.1 to 0.005
s. In our view, electrochemical platinum
oxidation accompanied by filling its sur-
face by oxidation product can act as the
process in said section. Despite the insta-
bility of platinum oxide at temperatures
above 560 °C [6] electrochemical forma-
tion of platinum oxide was observed in

The present work is devoted to the ex-
perimental study of non-stationary anode
process on platinum by chronopotenti-
ometry in KF-NaF-AlF -Al O, melt at
750-780 °C.

39.6KF-7.1NaF-47.3AIF -6.0A1,0, at tem-
perature 750-780 °C.

Chronopotentiograms  were  ob-
tained at anodic current densities from
0.05 mA/cm?* to 2.0 A/ cm? with a sam-
pling frequency up to 750 kHz using PG-
STAT AutoLab 320N and software NOVA
1.10 (Eco Chemie, the Netherlands). To
calculate the anode overvoltage using the
procedure «I-Interrupt» ohmic resist-
ance in the section of polarizing circuit
included in the measuring circuit were
determined.

a cryolite-alumina melt at 1000 °C [7].
The diffusive character of the depend-
ence of the transition time on the current
density at that may be caused by limiting
oxygen delivery to the platinum through
the oxidized layer (or the growth rate of
the oxide film).

Increasing the length of the anode cur-
rent pulses of value up to ~30 mA/cm? (Fig.
1a), does not give rise to the second peak in
the cut on curve associated with hindering
the diffusion for delivery of electroactive
oxygen-containing Al-O-F component
from the melt content to the layer near the
anode. Its expression is observed for the
system under study with an increase in the
magnitude of anode current density from
0.5 A/cm? (Fig. 1b), at that the transition
times are from 2 ms to 10-15s.
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Fig. 1. Cut on and cut off curves of current on
platinum in KF-NaF-AIF,-Al O, melt at
780 °C and current densities of 0.5-30 MA/cm? (a)
and 0.5-2.0 A/cm? (b). Atmosphere is argon,
the reference electrode is a carbon electrode

Analysis of curves of change in the
platinum potential under current inter-
ruption points indicates a long period of
term relaxation of the platinum potential
as after the anode current density pulse
of value of 30 mA/cm? (30-35 s), so after
pulses of value of 0.5-2.0 A/cm? (10-15s).

Data from curves of change in the plat-
inum potential for small (1, 2) and high

Conclusion

Nonstationary anodic process on
platinum in KF-NaF-AlIF -Al O, melt at
750-780 °C depending on the duration
and magnitude of anode current density
(from 0.5 mA/cm? to 2.0 A/cm?) have
been studied using chronopotentiometry
method.

It is shown that when the anodic cur-
rent densities are from 0.5 A/cm?® the
process under study is limited by diffu-
sion of the electroactive particles to the

192

(3) anodic current density values were
built in the coordinates it'* to i (Fig. 2).
Enhancement of it"? (1) with increasing i
for small values of anode current densities
indicates the electrode process (platinum
oxidation) followed by slow desorption of
products [8], whereas at high anodic cur-
rent densities constancy of it'* value (3) is
observed, which points at slow diffusion
of electroactive particles to the electrode
surface. The value of the diffusion coeffi-
cient of the electroactive particles for high
anode current densities at 750-780 °C
estimated from the Sanda equation [8]
amounted to 0.7-1.5 x 10> cm?/s.

The presence of the electrochemical
oxidation of platinum is supported by the
following:

- the estimated value of the electric
double layer capacity (C)) in the initial
section of curves of change in the plati-
num potential (times to = 5 x 10~*s) when
the current is cut on according to expres-
sion C, = i/(dn/dt) [1] was 400-560 uF/
cm?, which is characteristic of the forma-
tion of several oxide compound layers;

- dependence of it*? on i (Fig.2, 2) is
linear at low current densities, that points
at the growth of the oxide film resulting
from the electrochemical process [7].

surface of the platinum anode, while at
low current densities preceding stage is
recorded.

Analysis of dependencies of it'? on i
from curves of changes of the potential
platinum when anode current is cut on ac-
cording to equations describing the slow
diffusion of electroactive particles and the
growth of the oxide film on the electrode
surface indicates the electrochemical oxi-
dation of platinum.
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Fig. 2. Dependencies of it'? and it** on i, built up from cut on curves
on platinum for small (1, 2) and high (3) anode current densities

For high current densities values of the
diffusion coefficient of electroactive parti-
cles to the platinum anode and the capac-
ity of the electrical double layer were es-
timated, which amounted to, respectively,
0.7-1.5 x 10~ cm?/s and 400-560 uF/cm?.

The new obtained data can be used
to specify the scheme of the process un-

der study and create a theoretical model
enabling estimation of the effect of the
parameters of the anodic process on plati-
num and other oxygen-releasing elec-
trodes in KF-NaF-AIF,-Al, O, melt and
other oxide-fluoride melts in a wide tem-
perature range.
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XpoHonoTeHUUOMETpPUA HA NNaTUHE B pacnnase
KF-NaF-AIF -AlLO_*

MeT0A0M XPOHOMOTEHLIMOMETPUM ObINM UCCNEN0BaHLI HEKOTOPLIE 0COBEHHO-
CT MexaHM3Ma aHofIHOr0 npouecca Ha nnatvHe B pacnnase KF-NaF-AlF,-AlLO,
npu 750-780 °C B 3aBUCMMOCTY OT aHOAHOI MAOTHOCTU Toka (0T 0,5 MA/cM? fo
2,0 A/cM?) 1 BMTeNBHOCTW @HOAHOTO UMMYbCa.

Ha KpuBbIX M3MeHeHWsi MOTeHUMana MaaTMHOBOrO0 aHoda Mpy BKJOYEHWH
TOKa (huKcupyeTcst HebonbLUoi nepernb npu NNoTHOCTAX Toka 10-30 MA/cm?
W YeTKuii nepernb npy nioTHoCTaXx Toka 0,5-2,0 A/cm?. AHanm3 3aBUCMMOCTEV!
nepexoaHbIX BPEMEH OT MJIOTHOCTM TOKA YKa3blBAeT Ha TO, YTO MepBbIii nepe-
b cBsi3aH C 06pa30BaHMEM OKCMAHOMO COEOMHEHWS HA MOBEPXHOCTU MNATWHBI,
a BTOpoi — € Anddy3nMOHHLIMI 3aTPYAHEHUAMM MO LOCTABKE 3/1eKTPOAKTUBHBIX
4acTuL K ee NoBePXHOCTY.

KnioueBble cnoBa: XpoHONOTEHLMOMETPYS, MEXAHN3M aHOAHOMO NpoLecca,
NNATVHOBbIV 3N1eKTPOS, aIIOMUHUIA.

* WccnepoBaHue BbINOMHEHO Npy (hHAHCOBOM nogaepxke Poccuiickoro doHaa (yHAAMEHTaNbHLIX 1cCneso-
BaHuit (npoekt N 13-03-00829 A).
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Beepenue

B Hacrosimee Bpems B Mmupe [1-3]. Bo msbexanme 6bICTpoit KOppo-

BelyTCA MCCAENOBaHNSA, HaIpaBlieHHbIE
Ha paspaboTKy (USMKO-XMMIIECKIX
OCHOB TEXHOJIOTUI TIONy4eHUA aTIoMU-
HUA 3anekTponusoM paciaBa KF-NaF-
AlF -ALO, mpu 750-850 °C ¢ mcnonb-
30BaHNEM MajlOpacXofyeMbIX aHONOB

311 AaHOJOB HEOOXOIMMO MOf06paTh Kak
COCTaB U CIIOCOO MX M3TrOTOBJIEHMS, TaK
Y OIITMMAJIbHBIE PEXMMBI 3/IeKTPON3a.
[ocnennee mpeprmonaraeT yCTaHOBIIEHME
3aKOHOMEPHOCTEI KMHETUKY BbIJe/IeHNs
KJICTIOpPOJa Ha aHOfe MY IIOMOIIMN J7IeK-
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TPOXMMMUYECKUX METOJOB aHaam3a. K-
CIIEpPUMEHTAIBHOI MOJIEIbI0 MATIOPACXO-
IyeMOro aHOJA MOXKET CIIY>KUTb IUIATHHA.
Panee 6bUT TPOBeEH CPAaBHUTEbHBIIT
aHaM3 9KCHEPUMEHTANBHBIX U MOJIE/b-
HBIX CTAlIOHAPHBIX ITOSIPU3ALIOHHBIX
KPUBBIX /ISl IIaTHHBI B pacminaBe KF-
NaF-AIF -AlL O, npu 725-800 °C [4].
BbiIo  1mOKa3aHO, YTO TEPBUYHBII
mepeHoc 3apsga ¢ obpasoBaHueM afi-
COpOMPOBAHHBIX YaCTHI] O,,. Ha IIaTu-
He COMPOBOX/AETCS UX JecopOIueit mo
bUSUIeCKOMY WM STeKTPOXMMUYECKO-

JKcnepuMeHT

OKCIepUMeHTbl IPOBOAMIN B alTyH-
moBOM THITE [4], KOTOpBIl pasMelany
B KBapleBOJ A4YeiiKe, IPOJAyBaeMoil ap-
TOHOM WU KIUCIOpoAoM. Bcrmomorarens-
HBIIl 9/IEKTPOJ], U3 HUXpOMa ObUI pasMe-
IjeH B IIOPUCTON alyHOBOIl TPYOKe,
BBINIOJIHAOLE ponb fuadparmsl. B ka-
YyecTBe pabovero 3/1eKTpojia UCIIONb30Ba-
M IUVTATMHY 9UCTOTON 99,9926 % (OAO
«P3 OIIM»). OneKTpomoM CpaBHEHMUs
CITY>KWJI Ta30BBIii YITIEPOAHBIN 3MEKTPO,
[5] B paBHOBecHoit cmecn CO n CO,. Us-
MepeHNsA IPOBOJVIIN B paciyiaBe (Mac.%):

PesynbTatbl n 06cygeHue

Ha puc. 1 mpepcraBieHbl TUIMYHBIE
KpUBbIe M3MeHEeHN A NOTeHIMa/Ia IIaTHO-
BOTO aHOZIa IIPM BKJIIOYEHUU U OTKJIIOYe-
HIJ aHOJTHOTO TOKa, TIOTTyYeHHble Ha I/TaTh -
He B pacrmaBax KF-NaF-AlIF,-AL O, npu
750-780 °C. IIpy Ma/IbIX INIOTHOCTSX TOKA
(mo =30 MA/cM?) Ha KPMBBIX BKJIIOUEHMsI
HabmofiaeTcs repern6. YBenmueHme aHop-
HOM ItoTHOCTU ToKa ¢ 0,5 o 30 MA/cm?
IIPUBOJUT K CMELIeHNIO TIOTeHIana Ie-
peruba ¢ = 0,44 mo 0,58 B otHOCHUTEND-
HO YITIEPOJZHOTO 37IeKTPOfia M YMEHb-
LIEHNIO IIepeXOfHOro BpeMeHU ¢ 1,1
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My MexaHU3My. bornee nomHoe ommcaHue
0COOEHHOCTel MeXaHI3Ma UCCIIeyeMOro
Ipoliecca MOXeT OBbITh JOCTUTHYTO B pe-
3ynabTaTe NMPYMEHEeHUs KOMIIIEKCa 97eK-
TPOXMMUYECKUX METO/IOB aHA/IN3a, B TOM
qI1C/Ie HeCTAI[MOHAPHBIX.

JanHas paboTa mocasAlleHa 9KCIIepy-
MEHTAJIbHOMY MCCNIeJOBAaHUIO HeCTalu-
OHAapHOTO AaHOJHOTO Ipollecca Ha IIjIa-
THHE MEeTONOM XPOHOIOTEHIMOMEeTpPUn
B pacrimase KF-NaF-AIF,-ALO, mpu
750-780 °C.

39,6KF-7,1NaF-47,3AlF -6,0A1,0, mpu
TeMiepatype 750-780 °C.
XpOHOIOTEHIIMOTPaMMBl  IIOJTy4Ya-

M TPU AHOJHBIX IVIOTHOCTSIX TOKAa OT
0,05 MA/cM? mo 2,0 A/cm? ¢ vacToTOIn
muckpermnsanum go 750 kI, ucnonbsys
PGSTAT AutoLab 320N u IIO NOVA
1.10 (Eco Chemie, The Netherlands). [Insa
pacdeta QHONHOTO II€pPEeHANPsDKEHUS
npu momouy mpouenypst «I-Interrupt»
OIIpefersiI OMUYECKOe COINPOTHUBIIECHYE
y4acTKa IO/ pU3YIOLLeil Liel, BXOAALIle-
O B MI3MEPUTE/NIbHYIO 1Ielb.

no 0,005 c. Ha Ham B3riap, mpolieccom
Ha JJAHHOM Y4YaCTKe MOXXET BBICTYIaTb
9JIEKTPOXMMMYECKOE OKMC/IEHME IUIaTH-
HBI, COIIPOBOXKIAEMO€ 3aIIO/IHEHMEM €€
MIOBEPXHOCTY TIPOALYKTOM OKMC/IEHMA.
HecMoTpst Ha HecTabUIBHOCTD OKCHUOB
IJIATVHBI NIPY TeMIIEpaTypax Bbiile 560
°C [6], anexTpoxummyeckoe o6pasoBa-
HIle OKCUfAa IUIATUMHBI OBUIO OTMEYEeHO
B KPMONNUT-ITIMHO3€MHOM pacIlylaBe IIpyU
1000 °C [7]. IncddysnonHslit xapakTep
3aBUCUMOCTH IIEPEXOHOTO BPEMEHU OT
IVIOTHOCTY TOKa IIPY 9TOM MOXXET OBITH
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BbI3BaH OTpaHMYEHMEeM IOCTAaBKU KU-
C/IOpOfia K IJIATHHE Yepe3 OKMCIEHHBIN
Crmoit (MM CKOPOCTBI0 POCTA OKCUIHON
IJIEHKM).

VBenuveHne INTETbHOCTY aHOTHBIX
VIMITY/IbCOBTOKaBeIMYMHOM10=~30MA/cM?
(puc. 1, a) He IPUBOAMUT K MOSIBJIEHNUIO Ha
KpUBOJ1 BK/IIOUEHVsI BTOPOTo Iepernba,
CBSI3aHHOTO C AU PY3NOHHBIMA 3ATPY/-
HEHMSIMI 110 JOCTaBKe 9JIEKTPOaKTUBHO-
TO KICIOPOJ-COflepyKaliero KOMIOHEHTa
Al-O-F n3 o6pema paciuiaBa B IpuaHof-
HbII co1i. Ero npossenne i nccneny-
€MOJl CHCTeMbl HaOJIOf[aeTCsl IPY TIOBbI-
[IEHUM BEIMYMHBI aHOMHONM IIOTHOCTU
toka ot 0,5 A/cm? (puc. 1, 6), mpu atom
IlepexofHble BpeMeHa COCTAB/ISAIT OT
2mc pgo 10-15c.

AHanu3 KpUBBIX M3MEHEHUS IIOTEH-
[Masa IJIATUHBI TIPU OTK/ITIOYEHUY TOKa
yKa3bIBaeT Ha JUINTENbHYIO peTaKCcalliio
MMOTeHI[Majla IUTATUHBI KaK I0C/Ie WM-
Iy/IbCa aHOJHOI IVIOTHOCTU TOKA BeJu-
yuHoi 30 MA/cm? (o 30-35 ¢), Tak u 1o-
CJIe MMITY/IbCOB BemmumHoit 0,5-2,0 A/cm?
(mo 10-15 ¢).

JlaHHbBIe M3 KPUBBIX M3MEHEHMs IIO-
TeHIMaaa IUIaTMHbL misg Manbix (1, 2)
1 BbICOKUX (3) 3HaYyeHMi1 aHOIHOI I/IOT-
HOCTM TOKa ObUIM IOCTPOEHBI B KOOPANU-
Harax it'? ot i (puc. 2). YBenuuenue it"? (1)
[PV TIOBBILIEHNUY i JI/IsI MaJIbIX 3HAYEHMUI
AHOJIHBIX IVIOTHOCTEV TOKA yKa3bIBaeT Ha
9/IeKTPOMHBIN Hmporecc (OKMCIeHye Ta-
TUHBI), COIPOBOXKAAeMbIIl 3aMei/IeHHO
mecopbryeit IpoxykToB [8], B TO Bpems
KaK IIPY BBICOKMX aHOIHBIX IJIOTHOCTSIX
HaOTIOAeTCA TIOCTOSHCTBO BENMYMHBI
it"? (3), KOTOpoe yKasbIBaeT Ha 3aMef-
neHHy Anddys3nio 3MeKTPOaKTUBHBIX
JaCTUL] K TOBEPXHOCTU aneKTpopa. Oue-
HeHHoe 13 ypaBHeHus Canpa [8] 3Have-
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Puc. 1. Kpusble BK/II0OYEHNUSA U OTK/IIOYEHUSA
TOKa Ha ratuHe B pacinaBe KF-NaF-AlF -
AL O, mpn 780 °C 1 IIOTHOCTAX TOKA
0,5-30 MA/cm? (a) n 0,5-2,0 A/cm? (6).
AtMocdepa — aproH, 91eKTPOJ CPABHEHIS —
YT/IEpOJHbII

Hye koo puuyenTa nuddysun anexTpo-
AKTMBHBIX YaCTHL] /151 BBICOKMX AHOZHBIX
IVIOTHOCTeN ToKa rpu 750-780 °C cocra-
Buo 0,7-1,5x107° cm?/c.

Hamnume cragmm 9mekTpoxmmmde-
CKOTO OKMCTIEHNSI ITATMHBI OATBEPK/a-
€TCsI CTIeTYIOLVIM:

— OLleHEHHOe 3HaYeHMe eMKOCTHU
fiBOJiHOTO 2nmekTpudeckoro cnos (C))
Ha HaYaJbHOM Y4YacTKe KpPUBBIX M3Me-
HeHJsI TIOTeHIMaa IUIAaTHHBI (BpeMeHa
1o = 5x10™ ¢) mpu BK/IIOYEHUN TOKA IO
Bpipakenuio C, = i/(dn/dt)[1] cocraBumno
400-560 Mx®d/cM?, 4TO XapaKTepHO I
06pa3soBaHMsl HECKONIBKUX CTI0E€B OKCHUJ-
HOTO COeIVHEH;

- 3aBUCUMOCTS i ot i (puc. 2, 2) mu-
HeJ{Ha IIPU MaJIBIX ITIOTHOCTSIX TOKA, YTO
yKa3bIBaeT Ha POCT OKCUIHON IIEHKM
B pe3y/IbTare 37IeKTPOXMMIIECKOTO TIPO-
necca [7].
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Ha riatuHe s Manbix (1, 2) u BICOKMX (3) aHOIHBIX TVIOTHOCTEN TOKA
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MeToaMu  XpOHOIIOTEHI[IOMETPUN
UCC/IeJOBaH  HEeCTAlMOHAPHBIl  aHOJ-
HBIIl IIpollecC Ha IUIAaTMHe B pacIllaBe
KF-NaF-AIF,-ALO, mpu 750-780 °C
B 3aBJICYIMOCTY OT JIUTEIbHOCTI U BEJIN-
YJHBI aHOMHOI IIOTHOCTM ToKa (oT 0,5
MA/cM? o 2,0 A/cm?).

IToxasaHo, 4TO IIpM aHOJGHBIX IIOT-
HOCTAX ToKa oT 0,5 A/cM® mccmemyeMblit
npouecc muMutupyercsa  puddysueit
9JIEKTPOAKTUBHBIX YaCTUI[ K IIOBEPXHO-
CTY IUIATMHOBOI'O aHOJA, B TO BpeMs Kak
IPU HU3KUX IVIOTHOCTAX TOKa (PuKCHpy-
eTcs NpeALIeCTBYIONas CTalMA.

Ananus 3aBucumocrteil it"? ot i u3
KPUBBIX M3MEHEHNA IOTEeHIVaaa IUIa-
TUHBI NIpPY BKIIOYEHNMM aHOJHOTO TOKa
[0 YpaBHEHMSAM, ONMCHIBAIOIIMM 3aMef-
neHHyl [np@dys3nio 91eKTPOaKTUBHBIX
YacTML, M POCT OKCUIHON IUIEHKM Ha

[IOBEPXHOCT 37MEKTPOfA, YKas3blBaeT Ha
9NEKTPOXUMIYECKOE OKUC/IEHNE TIUIaTH-
HBI.

JI1a BBICOKMX IUIOTHOCTEN TOKA Olje-
HeHBI 3Ha4YeHMs Koadduinenta guddy-
3MM NEKTPOAKTUBHBIX YaCTHUI] K IUIa-
TUHOBOMY aHOAY ¥ €MKOCTb JBOIIHOTO
9NIEKTPUYECKOTO CII0SI, KOTOPBIE COCTABU-
JIM, COOTBETCTBEHHO, 0,7-1,5%x107° cm?/c
1 400-560 Mx®D/cm?.

[TonydyeHHble HOBbIe HAaHHbIE MOTYT
OBITH MICIIONb30BAHBI [i/151 YTOUHEHS CXe-
MBI JICCTIERYEMOTO IpoLiecca U CO3[aHMs
TEOPETUYECKON MOJIENH, TIO3BOJISIONIEN
OLIEHVBATh BIMsIHUE IAPAMETPOB AHO]I-
HOTO Ipollecca Ha IIaTiHe U SPYTUX K-
CTIOPOJI-BBI/IETISIIOIINX 9TEKTPOAX B pac-
nnase KF-NaF-AIF,-ALO, u papyrux
OKCUIHO-(TOPUAIHBIX PACIIaBaX B IN-
POKOM MHTepBaje TEMIIEPATYp.
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Simulation of an electrolytic bath
for electrodeposition
of multilayer shielding coatings

In this the calculation work galvanic bath of Cu/(Ni+Cu) multilayer shield-
ing coatings formation from an acetate electrolyte containing 0,03 mol/L of
CuAc,, 0,3 mol/L of NiAc,and 1,66 mol/L of acetic acid were made. According
to the results of polarization studies values of coatings deposition pulse mode
current density have been chosen and current efficiency of copper and nickel
during deposition of Cu-Ni alloy has been determined. To ensure a constant for-
mulation of the electrolyte it has been proposed to use insoluble anodes made
of stainless steel and continuous circulation of the electrolyte. The scheme of
steams enabling the adjustment of the solution formulation with the use of an
additional collecting vessel has been developed. The formulation of the correct-

ing stream continuously fed into the collecting vessel has been calculated.
Key words: electrochemistry; simulation; cuprum acetate; nickel acetate;

multilayer shielding coatings.
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Introduction

Currently, there is an acute
problem of protection devices and the en-
vironment from the effects of electromag-
netic radiation. To ensure effective protec-
tion of the surface of plastics from which
basic parts of devices are generally made,
it is necessary to apply shielding coating.
Multilayer coatings consisting of alternat-
ing layers of magnetic (e.g., nickel) and
nonmagnetic (e.g., copper) metals are the
most effective screens.

As shown by previous studies [1],
copper filled composites consisting of
an organic polymeric binder and a filler

200

of copper powder can be used to create
a conductive basis for a plastic for sub-
sequent deposition of metal coatings.
Shielding coatings consisting of alternat-
ing layers of copper and nickel, can be
obtained by the «single-bath» method [2]
from the electrolyte containing cations
of the two metals Cu?* and Ni**. Condi-
tions for preparing of individual layers
are provided with a pulsed electrolysis, in
which an alternation of pulses with differ-
ent values of current takes place. During
odd pulses ions of the most electroposi-
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tive nonmagnetic metal (copper) are re-
covering

Cu*+2&->Cu’,
and during the even pulses ions of copper
and nickel presented in the electrolyte are
discharging to give a magnetic layer, and
hydrogen gas is exhaling.

Cu*+2&->Cu°

Ni**+2&->Ni°

2H*+2e->H,

Experimental part

To select the parameters of the galvan-
ic bath to be designed experimental stud-
ies were conducted.

Polarization measurements were car-
ried out using a ZIVE SP5 electrochemi-
cal station with a linear change in the
potential in the cell, connected by a three-
electrode circuit.

The potential has been measured with
respect to a silver chloride reference elec-
trode.

When dotting the cathodic polariza-
tion curve (Fig. 1) the pin type working
electrode made of copper wire with a di-
ameter of 2 mm and a height of 10 mm
has been used. The area on the curve cor-
responds to the limiting diffusion current
of discharge of copper ions, and the sub-
sequent rise of the current corresponds
to recovery processes of nickel ions and
hydrogen. According to the results of
polarization studies current densities:
for deposition of copper layer equals to
7 A/m? and a magnetic alloy Ni-Cu equals
to 90 A/m?* were selected.

The use of soluble anodes will lead to
the enrichment of the electrolyte by nickel
or copper ions, so it was proposed to use
insoluble anodes made of stainless steel
12X18H10T. During polarization studies
it was found that anodes made of steel are

The purpose of the present work con-
sisted in simulation of a galvanic bath for
forming multilayer shielding coatings.

For electrodeposition layered
Cu/(Ni+Cu) coating acetate electrolyte of
the following composition: 0.03 mol/L of
CuAc,, 0,3 mol/L of NiAc, and 1.66 mol/L
of acetic acid [2] has been used. Monitor-
ing of value pH = 4.7 has been periodi-
cally conducted.

passivated and not dissolved in the solu-
tion.

For technological calculations current
efficiency of metal has a great significance.
During odd pulses copper recovery with
100 % current efficiency occurs.

To determine the current efficiency
of metals during deposition of the mag-
netic layer experiments on deposition of a
Ni-Cu coating to sample of stainless steel
pre-coated by a copper layer were conduct-
ed. At a current density of 90 A/m? current
efficiency of Ni-Cu alloy was 70.6 %.

The resulting precipitate of alloy and
the copper underlayer have been dis-
solved in concentrated nitric acid. The
concentration of Ni** jons in the resulting
solution has been determined by pho-
tometry allowing estimating the mass
of nickel in the alloy. The analysis was

i A/m2[ 160
- 120
- 80
40
E V
0 r r .
0,3 -1E-16 -0,3 -0,6 -0,9

Fig. 1. Cathode polarization curve of the
recovery of copper in acetate electrolyte
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conducted by employees of the Depart-
ment of Analytical Chemistry, CTT, UrFU.
From the known weight of the precipitate
alloy formulation was calculated as com-
prising 60 wt. % of Ni and 40 wt. % of Cu.
The current efficiency of metals has been
calculated taking into account proportion
of the appropriate metal in the alloy
Bm,, = Bm_, -©_=70-0,6=42 %,

Ni = alloy
Bmg, =Bm,, -, =70-04=28%.

Cu = alloy

Discussion of the calculations results

For the stable operation of the galvan-
ic bath and preparing precipitates of high
quality it is necessary to maintain the for-
mulation of the electrolyte unchanged. In
the projected bath it can be achieved by
adjusting the formulation of continuous
circulating flow at the inlet to the bath.

A scheme has been proposed (Fig. 2),
which includes a collecting vessel intend-
ed for the organization of continuous cir-
culation of the solution and adjusting its
formulation. Electrolyte discharged from
the bath is divided into two streams, one
is directed to the collecting vessel (129),
and the second one is directed to neutral-
ize acid excess (%29,). Simultaneously, cor-
recting stream (9_ ) is fed to the collecting
vessel, wherein the concentration of cop-
per and nickel acetates is higher than in
the bath. The effluent solution from the

Combined

g, L_capacity 05% on
g neutralization
9 | 9>
Fm======= bl r==%=---7
Y 1 Y

Washing Galvanic Catching
bath bath bath

Fig. 2. Correcting streams in the technological
scheme of multilayer coating deposition
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The summarized reaction occurring
during the even pulses based on the cur-
rent efficiency looks as follows:

Bt -CuAc,+Br NiAc,+ HO =
BTcu-Cu+BTNi-Ni+(I—BTCU—BTNi)-H2T+
+(2-1+Br_ +Bt, )-HAc

From the latter equation it follows that
when using insoluble anodes in the elec-
trolysis process a reduction in the concen-
tration of copper and nickel acetates in a
solution will be observed, and the con-
centration of acetic acid will increase.

collecting vessel is fed into a galvanic bath
(9'). Furthermore, during the process
calculations speed of pseudocontinuous
streams (9, and 9,), which are solutions
transferred on details, was considerd.

As the result of the calculation of the
stationary mass balance of the galvanic
bath it was found that for stable operation
it is necessary that the electrolyte is fed
to the bath, wherein the acetic acid con-
centration (C',, = 1,48 mol/L) is below,
and the concentrations of copper acetate
(C'a = 0,033 mol/L) and nickel acetate
(C'la = 0,304 mol/L) is higher than in
the bath. In view of water evaporation
rate defined was a volume rate of effluent
stream from which then stream feeding to
the collecting vessel is formed. While cal-
culating the different values of intensities
of components sources in periods of even
and odd pulses were taken into account.

The correcting stream is needed to
maintain in the collecting vessel a con-
stant formulation of the solution corre-
sponding by components concentrations
to a stream directed to the bath of multi-
layer coating deposition.

Simulation of the stationary mass bal-
ance of the collecting vessel has allowed
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determining the rate of the correcting
stream and its formulation:

Scm’ = 81 _i’
2
_ 8; 'Cl,i 791 /2-C,
cor,i 8 °

cor

Conclusion

During the experimental studies the
parameters of pulse mode of multilayer
coating deposition, and current efficiency
of copper and nickel have been deter-
mined.

For preparing layered Cu/Cu-Ni coat-
ings by the single-bath method it has been
proposed to use a continuous flow bath
with insoluble anodes. The possibility of

The calculation has showed that the
solution containing 1.45 mol/L of ace-
tic acid, 0.037 mol/L of copper acetate
and 0.307 mol/L of nickel acetate should
be continuously added at a rate equal to
9 =5,0 10 m’/s to the collecting vessel.

C

using stainless steel as an insoluble anode
in an acetate electrolyte has been shown.

Using the method of mathematical
modeling of mass balances of galvanic
baths and the collecting vessel the formu-
lation of the circulating stream incom-
ing to the bath as well as the speed and
formulation of the correcting stream in-
coming to the collecting vessel have been
determined.
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MoaenupoBaHue 3N1eKTPONIMTUYECKON BaHHbI
HaHeCeHUs MHOroCIOMHbIX
IKPAHUPYIOLMUX NOKPLITUA

B pabote npoBedeH pacyeT rasibBaHWYeCKOW BaHHbI (DOPMUPOBAHMS
MHOIOC/IOMHBIX 3KpaHupyowmx nokpbituii Cu/(Ni+Cu) u3 auetaTHoro 3nekTponu-
Ta, cogepxaujero 0,03 monb/n CuAc,, 0,3 monb/n NiAc, 1 1,66 MOSb/N YKCYCHOM
kucnoTbl. Mo pe3ynsTatam noasprU3aLMoHHbLIX CCIEA0BAHNI BbIGPaHbI 3HAYeHNs
MAOTHOCTE# TOKA MMMYbCHOrO pexvMa HaHeCeHWs MOKpbITWIA W onpegeneH
BbIXOZ, MO TOKY Meau 1 H1Kens B nepuog ocaxaenus cnnasa Cu-Ni. nsa obecneve-
HUA NOCTOAHHOI0 COCTaBa 3/1eKTPO/INTA NPea1oXeHo UCno/ib30BaTb HEPACTBOPMMbIE aHO-
[Abl U3 HEPXXABEILLEN CTann 1 HenpepbIBHYI0 LMpKynaLmio anekTponnTa. PaspaboTtaHa
Cxema NoTOKOB, MO3BOAIOWASA NPOBOAWTL KOPPEKTUPOBKY COCTaBa pacTBopa
C WCMONb30BaHWEM [OMONHUTENbHON CHOpHO emKkocTu. PaccuutaH cocTas

KOPPEKTUPYIOLLEro NOTOKA, HENPEpPLIBHO NOAABAEMOr0 B COOPHYI0 EMKOCTb.
KnioueBbie cnosa: INEKTPOXnMKUA, MoaenMpoBaHue, auertatr Menu, auetat HUKend,

rajibBaHn4yeckasa BaHHa.

© OonmatoBsa E. A., lasHoB A. [l., OctannHa T.H., 2015

Beepenue

B Hacrosmee BpeMs 0OCTpO
crouT mpobnema 3amMUTHl IPUOOPOB 1
OKPY>KaloIllell Cpefbl OT BO3AECTBIS
9/IEKTPOMArHUTHBIX ~ M3TydeHwit. s
obecrieuenus 3¢ deKTUBHON 3aIUTHI Ha
[OBEPXHOCTb IUIACTMACChI, M3 KOTOPOIL,
KaK IPaBU/IO, BBIIIOTHEHbI KOPIYCHBIE
meTamu TPUOOPOB, HEOOXORMMO HAHO-
CUTb 9KpaHupyloie mokpbitusa. Haubo-
nee 3¢ GeKTUBHBIMU KPAHAMM SIBIIAIOT-
Cs1 TIOZIVICIIONHbIE TOKPBITYSI, COCTOSIIINE
U3 YepeRyIOLIMXCS CI0€B MAarHUTHOTO
(nmampymep, HMKeIb) M HEMAarHUTHOTO
(Hampumep, Meib) METAJIIOB.
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Kax mokasamm mpoBefeHHble paHee
MCCTIe[OBAHNsI, MefbHAIIO/THEHHbIE KOM-
MO3UTBI, COCTOsAINE U3 OPTAHNYECKOTO
[O/IMMEPHOTO CBSI3YIOIIErO U HAIIOJTHUTE-
JIs1 MEJHOTO MOPOIIKA, MOXKHO JICIIOZIb30-
BaTb I CO3LAHNUS 9MEKTPOIPOBOSHOI
OCHOBBI Ha IITACTMAacce C IIe/Ibl0 MOCTIe-
LYIOLIETO HAHECEHVs MeTaINIeCcKMX
HOKpBITHIT [1]. DKpaHUpylOLIMe ITOKpPbI-
TVsI, COCTOSIIIYE U3 YepPeRyIOLIMXCs CIO-
eB Me[) 1 HUKeNsI, MO>KHO IIO/Ty4aTh Me-
TOJIOM «OJ{HOI BaHHbI» U3 3IEKTPOJIATA,
COfep)Kalljero KaTHMOHbI [BYX MeTa/ljIoB
Cu* u Ni** [2]. YcnoBus g nonydeHns
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MHIVBUAYA/IbHBIX C/I0€B 00eCHedrBaIoT-
Cs1 MMITY/IBCHBIM 97IEKTPOTM30M, B XOZe
KOTOPOTO TIPOVCXOUT Y€PEOBAHNE VM-
IY/IbCOB C PAasHBIMM 3HAYEHVSIMHU TOKa.
Bo BpeMst HeUeTHBIX MMITYIbCOB BOCCTA-
HAB/IMBAIOTCA MOHBI Haubomee 3MEKTPO-
[TOJIOKUTETHOTO HEMAarHUTHOTO MeTall-
na (Meap)
Cu*+2é->Cu’,

a BO BpeMsI YeTHBIX MMIIY/IbCOB paspsixa-
I0TCSI TIPUCYTCTBYIOLIME B 3IEKTPOTINATE
MOHBI MEIV U HUKETIS, JaBas MaTHUTHBII
CJIOM, U BBIIENAETCS ra3000pa3HBIl BO-
IOPOf.

JKcnepuMeHTaNbHasA 4acTb

Ins BerGopa mapameTpoB pabOTHI
HPOEKTHPYeMOIi ra/IbBaHNYeCKOIl BAHHBI
OBV TIPOBENEHbI SKCIIePMMEHTATIbHBIE
UCCIIEOBAHNA.

[TonsapusanuoHHble U3MepeHMA
HPOBOAM/IN C IIOMOIIBIO STEKTPOXUMMU-
yeckolt ctanuyy ZIVE SP5 npu nuneit-
HOM VM3MEHEHUM IIOTeHIMaNa B A4eiiKe,
MOJK/TIOYEHHON II0 TPeX3/IeKTPOHON
cxeme. IloTeHIman uM3MepsnM OTHOCU-
TEeJIbHO X/IOPUACEPEOPSHOTO NMEKTPOSA
CpaBHEHMA.

IIpn cpeMe KaTORHOI IO/ApMU3ALIU-
OHHOI1 KpuBoil (puc. 1) MCHONB30BAIN
pabounit 971eKTpoy; WTHIPPKOBOIO THIIA,
V3TOTOBJIEHHBIN 13 MEJHOI IIPOBOJIOKM
IyamMeTpoM 2 MM 1 BbicoToit 10 MMm. ITo-
ImajZika Ha KPMBOI COOTBETCTBYET IIpe-
menbHOMY AnbY3MOHHOMY TOKY paspsi-
la IOHOB Mefi, a MOC/IeAYIOIUI O beM
TOKa — IIpOIleccaM BOCCTaHOBJIEHUA MO-
HOB HYKeA 1 Bogopoga. [To pesynbraram
HOJIAPU3ALIOHHBIX MCCTIEFOBAHMIT ObIIN
BBIOpAHBI IJIOTHOCTI TOKA: AJIsI OCaXKIe-
HUA cnos Memu 7 A/M? M MarHUTHOIO
cmwrasa Ni-Cu - 90 A/m?.

Cu**+2&->Cu’°
Ni**+2&->Ni°
2H*+2é>H..

ITenp HacTOsAI el PabOTHI COCTOSIIA B
MOJIe/IIPOBAHNY Ta/IbBaHMYECKOI BaHHBI
(opMUpOBaHUA MHOTOC/IONHBIX 9KpaHM-
PYIOIIMX TOKPBITHIL.

[na  97MeKTpoOCaKIeHNA CIIOUCTBIX
nokpeituit - Cu/(Ni+Cu)
aLleTaTHBIN 9eKTPOIUT C/IEAYIOLIET0 CO-
crasa: 0,03 monb/n CuAc,, 0,3 monb/n NiAc,
n 1,66 MOIb/N YKCYCHOM KMCIOTHI [2].
[Tepuopnyecku IPOBOAMIN KOHTPOJIb
BermunHbl pH = 4,7.

UCIIO/Ib30OBaIN

Vcnonb3oBaHne pacTBOPUMBIX aHO-
IOB TIPUBENET K OOOTAIEHUIO 3TIEKTPO-
JINTA IO MOHAM HUKEJS VI MeIU, M03-
TOMY OBUIO ITIpeIIO>KEHO MUCIIOIb30BATh
HEpacTBOPMMbBbIE AHOABI M3 Hep)KaBelo-
meit cramyu Mmapku 12X18HI10T. B xone
HOJISIPU3ALMIOHHBIX MICCIEOBAHMIT OBIIO
YCTaHOBJIEHO, YTO aHOJIbI U3 CTAJIM B JlaH-
HOM PacTBOpe IAaCCUBMPYIOTCA U He pac-
TBOPAIOTCA.

Ina npoBeneHUA TeXHONTOTMYECKUX
pacueToB OO0JBIIOE 3HAYEHVE MMEET BbI-
XOfl IO TOKy MeTanna. Bo Bpemsa Heuer-
HBIX MIMIIY/IbCOB IIPOMCXOJUT BOCCTAHOB-
JIEHMEe MefIM C BBIXOZoM 110 TOKy 100 %.

i A/m2 [ 160
- 120
- 80
L 40
E V
0 r r .
0,3 -1E-16 -0,3 -0,6 -0,9

Puc. 1. KaropHas nonsapusanoHHas KpUBast
BOCCTaHOBJIEHNA MefU
B al[eTaTHOM 3IEKTPOJIATE
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Jns ompenmeneHMs BBIXOAA IO TOKY
MeTa/UIOB IIpM OCAXJIeHUM MAarHUTHO-
ro cosi 6bUIM HPOBeTEeHBI IKCIEPUMEH-
TBI 1O OCaKAeHu MoKpbITuA Ni-Cu Ha
obpasel] 13 HepKaBelolleil CTa, Ipef-
BapUTEIbHO MOKPbITUIL croeM Mexu. Ipu
IJIOTHOCTY ToKa 90 A/M* BBIXOJ ITO TOKY
cmwraBa Ni-Cu cocraun 70,6 %.

[Tony4yeHHBINT OCAafOK CIJIaBa U TIOf-
CI0it MeIM PacTBOPSIM B KOHILEHTPUPO-
BAaHHOI a30THOI Kucnore. KoHIjeHTpa-
1yio MoHoB Ni*' B IIOJTy4eHHOM pacTBoOpe
OIIpefieIs/IN MeTOIOM (OTOMETPUM, YTO
MO3BOMIMIO OLEHUTb MacCy HMKens B
crmaBe. AHanmu3 TPOBElEH COTPYRHMU-
KaMy Kadefpbl aHaIUTUYeCKUIT XUMUN
XTU Yp®Y. Ilo nssecTHoit Macce ocagka
paccumTanm cocTas ciaBa: 60 Mac.% Ni
u 40 mac.% Cu. BbIxop 10 TOKYy MeTasIoB

06cyxaeHne pe3ynbTaToB pacueToB

Iist crabuibHOI pabOThl ralbBaHM-
YeCKOJl BaHHBI M IIOYYEHNUS OCALKOB
BBICOKOTO KadeCTBa HEOOXOFMMO IIOf-
[ep>KMBaTh HEM3MEHHBIM COCTaB 9JIeK-
TponuTa. B mpoextupyemort BaHHe 9TOrO
MOXKHO JOOUTBCS, PEryIupysi COCTaB He-
IPepBIBHOTO LMPKY/IALMOHHOTO IIOTOKA
Ha BXOJ€ B BaHHY.

Beita mpemmoxkena cxema (puc. 2),
B KOTOPYIO BXOGUT COOpHas eMKOCTb,
IpefHAasHAYeHHAss I OpraHM3aINu
HeIIPepbIBHON LUMPKY/IALNM pacTBOpa U
KOPPEKTHPOBKIET0COCTaBa. JNEeKTPOINT,

C6opnas Swom
E€MKOCThb 0,59 .
9,/ 0.5 % na
- 1 Hew TPATH3aLHIO
9 | 2
[kl bt 1 [E et
1 A 1 Y
Baunna Baunua Bauna
TIPOMBIBKY ranbBaHUYeCKas | |yNaBIHBaHHS

Puc. 2. KoppekTupytoliye MoTOKM
B TEXHOJIOTMYECKOI1 cXeMe HaHeCeH!:
MHOTOC/IO/HBIX TOKPBITUIA
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CYMTAMN C YYIETOM [0 COOTBETCTBYIO-
1Ilero MeTajla B CII/IaBe
By, =Bm,, o, =70-0,6 =42 %,
Bm, =Bm,, o, =70-04=28 %.
CymMMmapHasi peakijysi, IpOTeKaolast
B II€PHOJ, YeTHBIX MMITY/IbCOB, C YIETOM
BBIXOZIOB IIO TOKY BBIIJISIUT CIEAYIOLINM
obpasom:

Bt -CuAc,+Br NiAc,+ HO =
BTCU-Cu+BTNi-Ni+(I—BTCU—BTNi)-H2T+
+(2-1+Br_ +Bt, )-HAc

VI3 mocnmepHero ypaBHEHMs CTIeAyerT,
YTO TIPU WCIIONb30BAHUN HEPACTBOPU-
MBIX QHOJOB B MPOIlECCE IMEKTPOIU3A
OymeT HaOMIOFATbCsA yMeEHbLIEHME KOH-
[EHTPALMN ALETATOB MENM VM HUKENs B
pacTBoOpe, a KOHIEHTPALMs YKCYCHOII
KJUCTIOTBL OyAeT BO3PACTaTh.

BBIXOMAIIMII M3 BaHHBI, HEIUTCS Ha ABa
[IOTOKA: OFMH HANPaB/IsAeTCsl B COOPHYIO
eMkocTb (%9,), a BTOpoit — Ha HeliTpamu-
sanuio u3bpITKa Kucaorsl (%29,). OgHos-
PEMEHHO B COOPHYIO €MKOCTb MOfAETCS
KOPPEeKTUPOBOYHBII ITOTOK (SKOPP), B KO-
TOPOM KOHIIEHTpALMs aleTaTOB MeRyu U
HIIKeJIS BbILIe, YeM B BaHHe. BbIXOmsIIit
13 COOPHOI eMKOCTH PacTBOP [TOFAETCS B
ranbBaHnyeckymo BanHy (9'). Kpome Toro,
[Py IPOBeJeHNN TEXHOMOTMYECKUX pac-
YeTOB YYUTBIBATM CKOPOCTb IICEBIOHE-
IpephIBHBIX TTOTOKOB (9 1 9,), KoTOpBIE
IPefCTaB/sI0T CO00J pPacTBOPBI, Iepe-
HOCKMBIE Ha fleTalsX.

B pesynbraTe pacdyera CTanMOHapHOTO
MaTepyaTbHOro GajaHca raTbBaHNIeCKOIl
BaHHBI OBIIO YCTaHOBJ/IEHO, YTO /IS CTa-
OmIbHOI paboThl HEOOXOAUMO, YTOOBI B
BaHHY IOCTYIIA/I 97IEKTPOIIUT, B KOTOPOM
KOHIleHTpanus ykcycHoit kucmotsl (C',,
= 1,48 MoO/b/1m) HIDKE, a KOHIEHTpAIK
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anerara mequ (C',, ) = 0,033 monb/n) u
anerara Hukens (C',, , = 0,304 momb/n)
BbIllle, YeM B BaHHe. C y4eTOM MHTeEH-
CMBHOCTH WCIIAPEHMsI BOMIbI OIpefeneHa
o6beMHast CKOPOCTb BBIXOMISIIIETO II0-
TOKa, M3 KOTOPOro 3areM (OpMUpyeTcs
[OTOK, MOCTYIAKIMii B COOPHYIO eM-
KocTb. [Ipy pacuere yunThIBaIM pasHble
3HAYEHMA MHTEHCUBHOCTEN MCTOYHUKOB
KOMITOHEHTOB B IEPMOJbI YE€THBIX U He-
YeTHBIX MMITY/IbCOB.
KoppekTnpoBoUYHBIl  MTOTOK
XOIMM [iIsi  oOecredeHus MOCTOSHHOTO
cocTaBa pacTBOpa B COOPHOIT €MKOCTH,
COOTBETCTBYIOIIETO 10 KOHIIEHTPALVISIM
KOMIIOHEHTOB IIOTOKY, HAIpaBjIsieMOMY

HeOO-

3aknwueHue

B xope akcrieprMeHTaIbHBIX UCCIIE0-
BaHUII OIIpefie/IeHbl NTapaMeTpbl MMITY/Ib-
CHOTO peXuMa HaHEeCeHMs MHOTOCIION-
HBIX IOKPBITUII ¥ BBIXOAIBI IIO TOKY MeZy
U HUKEJIA.

N TONMydYeHMA CIOMCTBIX IIOKPBI-
tuit Cu/Cu-Ni MeTogoM OFHOJM BaHHBI
HPEJ/IOKEHO MCIIONIb30BATh NPOTOYHYIO
BaHHY C HEPACTBOPUMBIMU aHOoziaMM. [o-
KasaHa BO3MOXXHOCTb MCIIOIb30BaHMA
Hep)KaBelollell CTalm B Ka4eCTBe HepacT-

B BaHHY HaHeCeHUsA IOMUCIIONHOTO TIO-
KPBITHSL.

MopenupoBaHye CTAI[MOHAPHOTO Ma-
TepuaabHOro 6amanca cOOPHOI eMKOCTH
MO3BOIMIIO OMpENeNUTb CKOPOCTb KOp-
PEeKTHMPOBOYHOTO ITOTOKA I €70 COCTaB:

9
91<opp = 8‘1 _72’

_ 8; 'C1)i _81 /12-C,
Kopp,i 9 .

Kopp

Pacyernokasas,4ToBCOOPHYI0EMKOCTD
HeOOXOIVMMO  HENpepbIBHO  [1006ABIATH
co cKkopocthio 9 = 50-10° M/

KOPP
pacTBOp, copmepxkamuii 1,45 Momb/n
YKCYCHOU KUCnoThl, 0,037 Monb/m anietaTa
meau u 0,307 MO/Ib// alleTaTa HUKEIs.

BOpPUMOTO aHOJa B all€TaTHOM 3J/IEKTPO-
JINTE.

C IIOMOIIbXD METOJa MaTeMaTn4de-
CKOTO MOJenpoBaHNA MaTepHuaIbHbIX
6a/laHCOB Ta/JIbBAHMYECKOM BaHHBI U
C6OPH017'I €MKOCTI OIIpefeneHbl COCTaB
BXOAALIETro NUPKYIANVMOHHOIO IIOTOKAa B
BaHHY, a TaK)XK€ CKOPOCTb 1 COCTaB KOp-
PEKTUPYIOIIETO IIOTOKAa B C6OPHYIO €M-
KOCTb.
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Mutual influence of electrode processes during electrodeposition of layered structures
by the single-bath method: The effect of nickel deposition and hydrogen evolution on
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Dynamics of electrocrystallization
of dendritic zinc deposits in galvanostatic
and potentiostatic modes

In the work the dynamics of growth of zinc dendritic deposits in the galva-
nostatic and potentiostatic modes from an electrolyte containing 0.3 mol/L of
Zn0, and 4 mol/L of NaOH has been studied. It has been shown that in galvano-
static conditions decrease in the elongation rate of dendrites and change in the
deposit structure from dendritic to compact accompanied by increasing den-
sity and decreasing through-thickness porosity are observed. In potentiostatic
conditions dendrites grow at a constant rate and the structure of the deposit
varies little. The results have been confirmed by electron microscopic studies of

morphology of zinc particles.
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Introduction

The electrolytic zinc deposits
possess unique dendritic structure and
high purity, and powders derived from
them are used in various technical fields
(manufacture of batteries and zinc-rich
composite materials). The structural
properties of these deposits produced by
electrolysis of aqueous solutions undergo
changes after removal from the electrode,
but the morphology of the particles, which
is laid at the stage of electrolysis, remains
unchanged after processing operations
of the future powder [1]. In this connec-
tion, to obtain electrolytic powders with
desired properties it is necessary to know
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how the deposition modes affect struc-
tural properties (density, porosity, surface
area, etc.) of the deposit directly during
its formation in situ [2]. By varying the
conditions of electrodeposition (mode,
preset current or potential, concentration
of discharging ions, surfactant additives)
it is possible to produce powders of vari-
ous structure.

The aim of the present work is to study
the dynamics of the electrocrystallisation
process and the properties of dendritic
zinc deposits in conditions of setting di-
rect current and constant potential.
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Experimental technique

To study the dynamics of dendritic zinc
deposits an installation allowing simul-
taneous registering the change in poten-
tial (or current), video recording deposit
growth and fixing the amount of hydrogen
released has been used. A 1 cm high pin
cathode made of zinc wire with a diameter
of 2 mm has been brought to a center of a
cylindrical cell. On the edge of the cell a ring
zinc anode has been disposed. Polarization
measurements were performed using Solar-
tron potentiostat 1280C. The potential has
been measured in respect to the zinc refer-
ence electrode. The deposits have been pre-
pared from zincate electrolyte containing
0.3 mol/L of ZnO, and 4 mol/L of NaOH,
when setting direct current and constant
potential. Polarizing current has exceeded

Results and discussions

Under galvanostatic conditions due
to the high current density the rate of
ad-atoms formation is high. Delivery of
discharging ions to surfaces with small
radii (irregularities and crystallites) is fa-
cilitated due to the realization of mecha-
nism of the spherical diffusion, so the
discharge of zinc ions occurs mainly on
high points, and then on tops of dendrites
branches. There is a lengthening of exist-
ing and originating of new branches. Due
to formation of plurality of branches the
surface on which the discharge of metal
ions takes place increases, and the cur-
rent density decreases. At that the rate of
dendrites elongation over time (Fig. 1)
and the absolute value of the overvolt-
age (Fig. 2, curve 1) is gradually reduced.
After recession of diffusion limitations
mechanism of the process changes, parti-
cles on the deposits outer surface thicken.
After 35 minutes of electrolysis the rate of
dendrite growth falls distinctly, and the

the value of the limiting diffusion current in
6 times. When using potentiostatic condi-
tions a constant overvoltage equal to -0.38 V
has been maintained, this corresponded to
the level of diffusion limitations galvano-
static electrolysis. Analysis of video record
of the deposit growth process has allowed
to establish the dependence of the thickness
of the dendritic deposit layer from time and
to calculate the overall deposit volume. Ac-
cording to volumetric measurements cur-
rent efficiency of zinc and hydrogen has
been determined, that has allowed calcu-
lating the mass change of the deposit in the
electrodeposition process. Microstructural
studies of deposits have been carried out on
Mira 3 LMU scanning electron microscope
in IHTE laboratory of UB of the RAS.

absolute value of the overvoltage reaches
a constant value (Fig. 2, curve 1).

L min
3 ¥

t, min

0 10 20 30 40 50
Fig. 1. Change the length of zinc dendrites
in time in galvanostatic (1) and potentiostatic

(2) modes
-,V 1A
-0,4 0,3
-0,3 4
0,2
0,2 4€
0,1
_0']_ P
0,0 r Y + 0,0
0 15 30 45
t, min

Fig. 2. Change the overvoltage and current in
time in galvanostatic (1) and potentiostatic
(2) modes
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When setting a constant overvoltage
throughout the electrolysis maintained a
high level of difficulties in delivery of dis-
charging ions. The development of the ac-
tive surface, on which an electrochemical
process is realized, leads to an increase in
the amperage in the electrolysis process
(Fig. 2, curve 2). As a result, dendrites
elongate at a higher and insufficiently
time-varying rate in comparison to the
electrodeposition at the constant current
(Fig. 1).

Differential current output of zinc,
which characterizes the ratio of metal
and hydrogen recovery processes rates,
grows during the electrolysis process in
galvanostatic conditions (Fig. 3), that is
associated with an increase in the deposit
surface and a decrease in the true current
density. At the moment of the overvoltage
recession and achieving limiting diffusion
current density hydrogen ceases to release
and the current efficiency tends to unity.
Under the conditions of setting the per-
manent potential the current efficiency
changes insufficiently over time and does
not exceed 93 % (Fig. 3).

As parameters characterizing the struc-
ture of the deposit differential density dp
and differential porosity deposit dp have
been defined, which were calculated from
a change in the metal mass and the overall
deposit volume for a fixed period of time.
Differential characteristics allow evaluating
a change of relevant structural properties of
dendrites during the deposition.

As seen in Fig. 4, the deposits have a low
density. When setting direct current inte-
grated density of the deposit increases as the
recession of active growth of dendrites, and
in a constant potential mode it slightly de-
creases in time. However, the integral den-
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sity value is an averaged characteristic, so it
is less informative.

Differential density allows evaluating
change of structural properties of dendrites
during the deposition process. According to
the thickness of the deposits obtained un-
der potentiostatic conditions, the density
changes little (Fig. 5, curve 2), that indicates
a uniform structure of the particles. While
during electrodeposition of dendrites un-
der galvanostatic conditions, the density
increases gradually, and then increases dra-
matically (Fig. 5, curve 1), that is associated
with the intergrowth of separate dendrites
branches and a shell formation.

Resulting deposits have high porosity
(Fig. 6), which decreases under galvano-
static conditions with cessation of active

growth of dendrites (Fig. 6, curve 1) and
does not change at a constant potential
(Fig. 6, curve 2).

Br

1,0

0,9

0,8

t, min

Fig. 3. Change the differential current output
in galvanostatic (1) and potentiostatic (2)

modes

pac' g/cms
0,3 1 1
0,2 4
0,1 4 2

t, min

0,0 T T 1

0 15 30 45

Fig. 4. Change the integral density in time in
galvanostatic (1) and potentiostatic (2) modes
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Fig. 5. Change the density over the thickness
of dendritic zinc deposits in galvanostatic (1)
and potentiostatic (2) modes

dp
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0,00 0,05 0,10 0,15 0,20 0,25
Fig. 6. Change the porosity over the thickness
of dendritic zinc deposits in galvanostatic (1)
and potentiostatic (2) modes

The studies of morphology of dendrit-
ic deposits particles have been conducted
using a scanning electron microscope. It
is seen in micrographs with a resolution
of 20 microns that at the initial stage of
electrolysis (10 minutes) the size of cer-
tain particles (top radius) slightly differs
in deposits obtained in the studied modes

Conclusion

The dynamics of growth of dendritic
electrolytic zinc deposits essentially
depends on the polarization mode.
In galvanostatic conditions there are
observed a gradual decrease in the rate
of elongation of dendrites and change in
the deposit structure from dendritic to

ol
*wi‘_‘z‘
0.1 0.2 0,3

y, cm

20 MKM

20 MKM

b

Fig. 7. Micrographs of dendritic zinc deposits
obtained in galvanostatic (a)
and potentiostatic (b) modes.

(Fig. 7 a, b). The particles are similar both
in size and shape resembling fern leaves.

compact: density increases and porosity
reduces. Whereas in potentiostatic mode
dendrites grow at a constant rate, and the
loose deposit throughout the thickness has
a uniform structure. The study results have
been confirmed by deposits micrographs.
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[dvHaMuKa 3neKTpoKpUcTanIM3auum AeHAPUTHBIX
0CaAKOB LIMHKA B ra/lbBaHOCTaTU4ECKOM
M NOTEHLMOCTAaTUHECKOM peXXuMax

B pabote nccnegoBaHa AvHaMMKa pocTa AeHAPUTHBIX 0CAAKOB LYHKA B raib-
BaHOCTATMYECKOM M NOTEHLIMOCTATUYECKOM PEXMMAX W3 3N1eKTPOUTA, Cofepxa-
wero 0,3 Monb/n Zn0 1 4 monb/n NaOH. lMokasaHo, YTo B rasibBaHOCTATUYECKMX
YCNOBYMSX HAOMIOOAETCSA CHUXKEHWE CKOPOCTU YIJ/IMHEHUS] AEHAPUTOB U U3MEHEHWE
CTPYKTYPbI 0CaAKa C AEHAPWUTHON HA KOMMAKTHY, COMPOBOX/AAKOLLEECs pOCTOM
MMOTHOCTM M YMEHbLUEHWEM MOPUCTOCTM MO TOMWMHe. B noTeHuMocTatnueckux
peXuMax OeHAPUTbI PacTyT C NOCTOSAHHOW CKOPOCTbIO M CTPYKTYpa 0cagka Majo
meHsieTcA. [lonyyeHHble pe3ynbTaTbl NOATBEPXKAEHB! 3EKTPOHHO-MUKPOCKOMM-

Yyecknmu nccnenosaHuaMin MOdeOJ'IOFVWI 4acTuy UnHKa.
KnioueBble cnoBa: JNeKTpoKpucTannmsauma, UMHK, OeHOPUTbI, 3NeKTPo-

XUMUA.
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Beepenue

ONEeKTPONMUTUYECKIE  OCA[KU
[[VHKa 00J1a/jal0T YHUKA/IbHOI TeHJIPUT-
HOJ CTPYKTYpPOI U BBICOKOJ YMCTOTOIA,
a IOpOIIKY, IIO/ly4aeMble U3 HMX, MUC-
IIO/Ib3YIOT B CAMbIX Pa3/IMIHBIX OTPACIIAX
TeXHUKU (IIPOM3BOJCTBO aKKYMYJ/IATO-
pOB U IIMHKHAIIO/IHEHHBIX KOMIIO31-
LMOHHBIX MaTepuanos). CTpPyKTypHble
CBOJICTBA TaKMX OCAJKOB, ITOTy4aeMbIX
97IEKTPO/IN30M BOJHBIX PacTBOPOB, Ipe-
TepIeBalnT WU3MEHEHMA II0C/Ie CHATUA
C 9/IeKTpPOfa, HO MOPQOIOTUsA YaCTUIL,
KOTOpas 3aK/IaJJbIBA€TCs Ha CTafiMM JJI€K-
TPO/MN3a, OCTAeTCA HEM3MEHHOM IIocyie
omeparuit mo o6paboTke 6yayLero mo-

pomka [1]. B cBA3u ¢ aTuM mIA TOMY-
YeHVS 9/MIeKTPOIUTUYECKMX IOPOIIKOB
C 3aJaHHBIMU CBOJCTBaMM HEOOXOZMMO
3HATb, KaK BIVAIOT PEXVMbI OCKICHNA
Ha CTPYKTYpHbIe CBOJICTBa (IIOTHOCTD,
HOPUCTOCTb, YAEAbHYI0 IIOBEPXHOCTDb
U T.JI.) OCaJiKa HeIIOCPEACTBEHHO B IIPO-
necce ero ¢dopmupoBaHus in situ [2].
Bappupysa ycnoBus 3neKTpOOCax/eHusA
(pexxuM, 3ajlaBaeMblil TOK WM IIOTEH-
LjMaj, KOHIIEHTPAIVI0 pa3psKaroluXCs
MOHOB, f06aBku ITAB), MOXXHO HOTy4aTh
HIOPOLIKI C Pa3HOOOPA3HOI CTPYKTYPOIL.

ITenpro HacTOsIell pabOTBHI SIBMIA-
eTCsl MCCIefloBaHue AMHAMUKY IIpoLiec-
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Ca JJIEKTPOKpUCTAI/IN3ATNN U CBOIICTB
AE€HOPUTHBIX OCAIKOB IIMIHKA B YCIIOBUAX

Metoguka axkcnepMMeHTa

IIna usydeHMsA OMHAMMKU Pa3sBUTUA
HDeHIPUTHBIX OCAJKOB LMHKA ObIIA JC-
IIO/Ib30BaHA YCTAHOBKA, I103BOJIAIOIIAA
OJJHOBPEMEHHO PETUCTPUPOBATD N3MEHE-
Hlle NIOTeHIuaa (WIn TOKa), IPOBOJUTD
BUJIEO03AIINCh POCTa OcajKa U PUKCUPO-
BaThb 00'beM BBIFETISIONIETOCsI BOZOPOJA.
B neHTp IMIMHAPUYECKOI AYEIKK IIOJ-
BOJIM/ICA IUTHIPHKOBBIA KaTOJ, BBICOTON
1 cM, MSrOTOB/IEHHDIII 113 LIMHKOBOI IIPO-
BOJIOKM fIyiameTpoM 2 MM. o kparo syeii-
KJ pacrojaranay KOJbLEBOJ IIMHKOBBIN
aHopn. IlonmApmsanoHHblE M3MepeHUA
IIPOBOAV/IM C IIOMOUIBIO IIOTEHIIMOCTaTa
Solartron 1280 C. IToTeHuman n3Mepsn
OTHOCUTENIBHO IIMHKOBOTO 3JIEKTpOja
cpaBHeHMA. Ocafky Tomydyanu U3 LUH-
KaTHOTO  3JIEKTPOJINTA, COJEp>KallleTo
0,3 monp/n ZnO n 4 mons/n NaOH, npu
3aJJaHMM ITOCTOSIHHOTO TOKa ¥ IIOCTOSH-
Horo noTeHumana. IlomAapusyrommii Tok

PesynbTatbl n 06cyaeHue

B raspBaHOCTATMYECKUX YCTOBMAX
BCJIECTBIE BBICOKOI IIOTHOCTM TOKa
CKOPOCTb OOpa3oBaHNUsS af-aTOMOB BBI-
coka. JlocTaBKa pas3psUKAIOLMXCS VIOHOB
K [TOBEPXHOCTSIM MAaloro papuyca (He-
POBHOCTSIM ¥ KpPUCTA/IUTAM) Objerde-
Ha BCJIEHCTBYE peanusaluyi MeXaHu3Ma
cepnueckoit puddysnn, MoaToMy pas-
psii MOHOB LMHKA IIPEUMYLIECTBEHHO
IpOTeKaeT Ha BBICTYIIAX, a 3aTeM Ha Bep-
IIMHAX BeTBell AeHApuToB. IIponcxoput
VI/IMHEHVE CYIIeCTBYIOLIUX U 3apOKie-
HIle HOBBIX BeTBeil. BeencTBue obpaso-
BaHMsI MHOXKECTBA BETBEJl IOBEPXHOCTb,
Ha KOTOPOJI NpOTEKaeT paspsi JMOHOB
MeTa/Ia, YBeIMUMBAECTCS, a IIOTHOCTD
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3alaHuA IIOCTOAHHOTIO TOKa U IIOCTOAH-
HOTI'O IIOTE€HIIMania.

B IIECTh pa3 IPEBbILIA/I BEINYMHY IIpe-
penbHOro mupdysnonnoro Ttoka. Ilpm
VICIIONTb30BAaHMM TOTEHIMOCTATUYECKMX
YCIOBMII TOAJEPKUBAIN  IIOCTOAHHOE
nepeHanpsbxkeHne -0,38 B, koropoe co-
OTBETCTBOBAJIO YPOBHIO A1 PY3MOHHBIX
OTpaHUYEeHUI]
ro 37eKTpOnM3a. AHanu3 BUAEO3AINCU

Ta/IbBAHOCTATNYECKO-

Ipoljecca pocTa 0cajiKa I03BOMIUT YCTa-
HOBUTb 3aBMCUMOCTb TONIIVHBL CJI0OS
JEH/IPUTHOTO OCaJKa OT BPEMEHNU U pac-
cYnTaTh rabapuTHLIL 06HeM ocazka. Ilo
DAHHBIM BOJIIOMOMETPUYECKUX M3Mepe-
HUII OTIpefieNIANN BBIXOJ, 110 TOKY BOJOPO-
Ja ¥ UMHKA, YTO II03BOJIMIO PacCUUTATh
U3MEeHeHMe Macchl Ocajika B IIpoliecce
9NMEKTPOOCAKAIeHNA. MUKPOCTPYKTyp-
Hble MCCIeJJOBAHMS OCAJKOB IIPOBOMMIN
Ha pacTPOBOM 3/1IEKTPOHHOM MMKPOCKO-
ne Mira 3 LMU B ma6oparopun VBT
YpO PAH.

TOKa CHIDKaeTcs. [Ipy 5ToM cKOpocTb yii-
JIMHEHNA IeHAPUTOB BO BpeMeHM (puc. 1)
U abCOMIOTHAA BeNIUYNMHA IIepeHarps-
>KeHMst (puc. 2, KpuBas 1) HmOCTeleHHO
ymenbpuratorcs. Ilocme cmaga auddysu-
OHHBIX OTPaHMYEHMII MeHAEeTCA Mexa-
HM3M IIPOIIeCCa, YacTMI[bl Ha BHEIIHeN
HOBEPXHOCTM OCajKa yrommaiorca. Ilo-
e 35 MUH 97IEKTPO/IN3a CKOPOCTb POCTa
JIEH/IPUTOB Pe3KO IajiaeT, a abCOMOTHASA
Be/IMYNMHA IIePeHANPKEHNA BHIXOIUT Ha
HOCTOSTHHOE 3HaveHue (puc. 2, Kpusas 1).

IIpy 3ajjlaHUM TIOCTOAHHOTO IIepeHa-
IPSDKEHVA B TeUeHNe BCETo 9/IeKTPOm3a
COXpaHsIeTCs] BBICOKIIT YPOBEHb 3aTPY-
HEHMII 110 OCTABKe PaspsDKAIOLINXCS 1O~
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HOB. PasBuTue aKTHBHOI ITOBEPXHOCTH,
Ha KOTOPOJI peanusyeTcsi A7IeKTPOXMMI-
YecKuMil IpolLjecc, IPUBOJUT K YBernde-
HIIO CHJIBI TOKA B IIPOLeCce 9TIeKTPOnm3a
(puc. 2, kpuas 2). B pesynbrare neHppu-
THI YIJIMHAIOTCS ¢ 607Iee BBICOKOIT V1 Mo
MEHSIIOIEICST BO BPEMEHM CKOPOCTbIO,
10 CPAaBHEHMIO C 9/IEKTPOOCAXK/EHIEM Ha
IIOCTOSTHHOM TOKe (puc. 1).

IuddepeHunanbuplii  BBIXOL IO
TOKY LMHKA, XAPAaKmepusyouuti coom-
HOuleHUe cKOpocmeil Npoueccos 80ccma-
HOBNIEHUS Memanna u 6000podd, pacTeT
B IIpOLiecce 37eKTPONu3a B raibBAHOCTA-
TUYECKMX YCIOBUAX (puc. 3), 4TO CBA3a-
HO C yBelIMYeHMEM IIOBEPXHOCTHU OCafi-
Ka ¥ CHIDKEHUEM VICTMHHOI IIOTHOCTU
TOKa. B MOMEHT crajia mepeHanpspKeHns
U HOCTYDKEHMsI TIpefenibHOl Audysnon-
HOJI IVIOTHOCTY TOKa BOJOPOJ, IIepecTaeT
BBIIETISITHCS, Y BBIXO, II0 TOKY CTPEMUTCS
K efyHuIle. B ycrmoBusax sagaHus mocro-
STHHOTO IIOTEHIIMa/Ia BBIXOK [0 TOKY MaJio
M3MEHsIeTCsl BO BpeMeHM U He IIpeBbIIa-
et 93 % (puc. 3).

B xauecTBe mapaMeTpOB, XapakxTe-
PUBYIOLIMX CTPYKTYPY OCafKa, OIpefie-
namt fuddepeHnNanbHy0 IITIOTHOCTD
dp, n mubdepenimanbay0 TOPUCTOCTD
ocagka df, KOTOpble pacCUMTHIBAIMA IO
M3MEHEHNMI0O MacChl MeTalia 1 rabaput-
HOro o6peMa ocazika 3a GUKCHPOBAHHBII
HPOMEXYTOK BpeMmeHu. [duddepeniu-
a/IbHble XapPAaKTEPUCTUKM  II03BOAIOT
OLICHUTb M3MEHEH)Ee COOTBETCTBYIOLINX
CTPYKTYPHBIX CBOJICTB JeHAPUTOB B IIPO-
1jecce OCaXK/IeHIsI.

Kak BupHO Ha puc. 4, ocagku obra-
[AIOT Masoil INIOTHOCThIO. IIpu 3amanumu
MIOCTOSIHHOTO TOKA MHTerpajabHast IJIOT-
HOCTb OCajjKa pacTeT IO Mepe Craja aK-
TUBHOTO POCTa [IEHAPUTOB, @ B PEeXIMe
IIOCTOSIHHOTO IIOTeHI[Maja OHa He3Ha-

YUTEIBHO YMEHBIIAETCS CO BPeMEHEM.
OpHaKo BelMYVMHA MHTErPATbHON IIIOT-
HOCTI SIBJIETCSI YCPEHEHHON XapaKTe-
PUCTUKOIL, T03TOMY OHa Ma/nonHpoOpMa-
TVBHa.
HuddepennunanpHast
II03BO/ISIET OLIEHUTH M3MEHEHMe CTPYK-
TYPHBIX CBOJCTB J€HAPUTOB B IIPOLIeCcCe
ocaxxgenust. [To To/muHe 0CagKoOB, MONy-

IIJIOTHOCTDb

, MWH
3 y
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Puc. 1. VI3meHeHue MHDBI JEHAPUTOB IIVTHKA
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-,V I A
-0,4 0,3
-0,3

0,2
-0,2
0,1
-0,1 '
0,0 4 Y Y + 0,0
0 15 30 45

t, MuH
Puc. 2. Vismenenne nepeHanpsKeHUs U CUIIBI
TOKa BO BPEMEHU IIPY ra/IbBaHOCTaTUYECKOM
(1) n moTeHIMOCTaTHYECKOM (2) pexmMax

B
1,0
0,9
0,8 T Y 1
0 15 30 45
t, MWH

Puc. 3. ViameHeHMe nuddepeHInanbHOro
BBIXO/Ja [10 TOKY IPY Ta/IbBAaHOCTATNIECKOM
(1) 1 moTeHIMOCTaTHYECKOM (2) peXxnmax

215



Ne 3| 2015
Chimica Techno Acta

Hukutun B. C., OctanmHa T. H., Pygoit B. M., ®apnenkos A. C.

YEHHBIX B ITOTEHI[MOCTATUYECKUX YCIIO-
BUSIX, IJIOTHOCTD Majio MeHseTcs (puc. 5,
KpuBas 2), 4YTO CBUJETENIbCTBYET 00 0f-
HOpPOJHOI CTPyKType 4dacTui. Torma
KaK IIpU 3NIeKTPOOCAXKAECHUN [IEeHAPUTOB
B IaJIbBAHOCTATNYECKUX YCIOBUAX TIJIOT-

p,. T/’
0,3 " 1
0,2 4
0,1 4 2
t, MUH
0'0 L} L 1
0 15 30 45

Puc. 4. Vi3smMeHeHMe MHTETPaIbHOI INIOTHOCTY
BO BpPeMEHM NP raJIbBaHOCTATN4ecKoM (1)
U OTEHIMOCTATIYECKOM (2) pexxnmax

dp,. r/cm®
16 ol
1,2
0,8
0.4 2
0,0 T T L] 1
0,0 0,1 0,2 0,3

¥, CM
Puc. 5. VIameHeHMe MIOTHOCTH 110
TOJIIMHE IeH/IPUTHDBIX OCAJKOB
LIMHKA [IPY TaJIbBaHOCTaTH4eckoM (1)
U HOTEHIMOCTATIYECKOM (2) pexxnmax

dp
1,00 5

0,95 A
0,90 -
0,85 o 1
0,80 - A

0,75

¥, CM

0,00 o005 010 0,15 0,20 0,25

Puc. 6. VIamenenue nopuctoctu
II0 TO/LIVHE JIeHJPUTHBIX OCATKOB
I[MHKA [IPU raJIbBaHOCTATN4ecKoM (1)
U MOTEHIMOCTATIYECKOM (2) pexxnmax
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HOCTb IIOCTEIIEHHO YBeIMYMBAETCS, a 3a-
TeM pe3Ko BospacTaer (puc. 5, Kpusasi 1),
YTO CBS3AHO CO CPACTAHMEM OTHENIbHBIX
BeTBell [EHAPUTOB U 0OOpasoBaHMeM
CKOPJTYIIBL.

ITony4yeHHble OCAafKM OOTAFAIOT BbI-
COKOJI TOPUCTOCTBIO (puc. 6), KOTOpas
YMEHBIIAeTCsI B Ta/JbBaHOCTATUYECKUX
YCTIOBMAX IO Mepe IMpeKpale s aKTIB-
HOTO POCTa IeHAPUTOB (puc. 6, Kpyusas 1)

20 MKM

6

Puc. 7. MukpodoTorpadum IHKOBBIX
IIeH/IPUTHBIX OCA/IKOB, TIOTy4eHHbIX
B ra/IbBAaHOCTATNYECKOM (a)
U HOTEHI[MOCTATUYECKOM (6) peXXMMax.
Bpems nonydenus ocagkos 10 MuH
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U IPaKTUYeCK He MEeHAeTCs MU HOCTO-
SIHHOM TToTeH1asne (puc. 6, Kpusas 2).
VccnepoBanusa Mopdonorny 4acTuly
[eHAPUTHBIX OCAZKOB OBIIN IIPOBEHEHBI
C IIOMOUIBI0 PAaCTPOBOTO 3/IEKTPOHHOTO
Mukpockorna. Ha wmukpodororpadusx
C paspemianler cnoco6HOCThI0 20 MKM

3aknouyeHue

,HI/IHaMI/IKa pocCTa OEHAPUTHDBIX 3/I€K-
TPOMUTUYIECKNX OCAAKOB IMHKa Cyle-
CTBEHHO 3aBJICUT OT peXMMa I10/IApn3a-
onn. B ranpBaHOCTaTMUYECKUX ycnoBuAXx
Ha6TIIOI[a€TCH IIOCTECIIEHHOE CHVJKEHIE
CKOPOCTU YIJIMHEHNA AEHAPUTOB U U3-
MEHEHNE CTPYKTYPpbl OCajKa C NEHIPUT-
HOI Ha KOMITIAaKTHY10: BO3paCTa€T IIJIOT-

BUHO, YTO Ha HavyaJbHOM OSTale 3JeK-
tTponusa (10 MMH.) pasMep OTHEIbHBIX
vyacTuy, (pafnyc BepIIMHBI) Majo OTIN-
JaeTcs Y 0CafIKOB, MOTYYEHHBIX B MCCTe-
LyeMBbIX pexxumax (puc. 7, a, 6). Yactuis
IIOXO>KU KaK I10 Pa3Mepy, TaK 1 1o ¢popme,
HaTlOMMHAIOIIel] TUCThS MaOPOTHUKA.

HOCTb ¥ CHMYKAaeTCA HOPUCTOCTb. Torma
KaK B IOTEHIVOCTaTUYECKOM peXUMe
JEHAPUTHI PACTYT C IOCTOAHHON CKOPO-
CTbIO, @ PHIX/IBII OCAfIOK IO BCEil TOMIIN-
He JMeeT OJHOPOJHYIO CTPYKTypy. Pe-
3y/JIbTaThl MCCEJOBAHMIT TIOATBEPK/I€HbI
MMKPOGOTOrpadyAMI OCA/IKOB.

1. Neikov O.D., Nabojchenko S.S., Murashova I. B., Gopienko V.G., Frishberg 1. V.,
Lotsko D. V. Handbook of non-ferrous metal powders. Technologies and applications.
Elsevier, London, N-Y, Amsterdam, 2009. 634 pp.

2. Patrushev A.V., Ostanina T.N., Rudoy V.M. Electrochemical methods for the
determination of surface area of dendritic deposits, Phisycal chemistry and
electrochemistry of molten and solid electrolytes: materials of XVI Russian
conference. Publishing house of the Ural University, Ekaterinburg, 2013.
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Study of instantaneous rate of corrosion
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Instantaneous rate of aluminum corrosion in media with different acidity

has been studied using a method of polarization and the electrical resistance.
A resulting time series of instantaneous corrosion rate have been analyzed us-
ing the standardized range. As a result, it has been found that in all studied
media corrosion process has a stochastic character, and time series of instanta-

neous rate are anti-persistent.
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Introduction

From the viewpoint of observa-
tion of the development of corrosion pro-
cess of greater interest is the differential
characteristic of the rate of corrosion, so-
called instantaneous rate of corrosion [1].

Since the corrosion process on the
metal surface is likely to develop very un-
evenly, so fixing the instantaneous values
of the corrosion rate one can be trace the
alternation of its activation followed by

Experimental part

As an object of the study aluminum
wire (Al not less than 99.6-99.7 % (wt.))
has been used.

The instantaneous rate of corrosion of
aluminum has been studied in three so-
lutions: H,SO,, Na,SO, and NaOH, a pH
of which was 0.78, 5.71 and 11.11 respec-
tively. The instantaneous rate of corrosion
has been evaluated by two methods: po-
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temporary decay, which could again be
replaced by reactivation. Observations
of such changes in instantaneous rate at
the initial stage of the corrosion process
development can be used as the basis for
the development of long-term corrosion
forecast model. Therefore the choice of
methodology of instantaneous corrosion
rate research is actual.

larization and electrical resistances. Meas-
urement of polarization resistance and
recording polarization curves have been
performed in a standard electrochemi-
cal cell with divided cathode and anode
spaces using Solartron 1280 C test station.
A measurement design is shown in Fig. 1.

A program of measurement of the
polarization resistance has included
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300 cycles, which consisted of measuring
the currentless potential for 10 seconds,
followed by potential sweep from -15 to
+15 mV relative to the stationary poten-
tial, sweep rate is 3 mV/s. Polarization
curves for determining Tafel coeflicients
have been recorded by polarization from
the cathode region to the anode one at
linear potential sweep of 3 mV/s.

Results and Discussion

A typical curve of the time depend-
ence of the experimental polarization re-
sistance of the aluminum sample is shown
in Fig. 3.

According to experimental data of
the polarization resistance (Rp) values of
instantaneous corrosion rate in current
units (i, , A/cm?) have been calculated by
the Stern-Geary equation [2]:

b,-b,

. S Mt T 1
lkaﬁ’ 2,3~(bﬂ+bk)-RP ( )

wherein b_and b, are the Tafel slopes of
the anodic and cathodic processes.

Solatron
1280C

cp p Ben 3
L

e

7

Fig. 1. Apparatus for polarization
measurements: 1 - computer; 2 -
electrochemical station; 3-3-way stopcock;
4 - silver chloride reference electrode;

5 - saturated solution of KCI; 6 — working
electrode; 7 — working solution; 8 - platinum
auxiliary electrode; 9 — Haber-Luggin
capillary; 10 - support for the cell; 11 - salt
bridge

Measurement of electrical resistance
has been carried out by means of high-
resistance voltmeter. A measurement de-
sign is shown in Fig. 2. The time interval
between measurements was 30 seconds,
in each solution up to 300 measurements
have been performed.

In all solutions under study oscilla-
tions have presented on the time depend-
ence of the instantaneous corrosion rate.
The presence of oscillations proves that
the corrosion process has a stochastic
character. The amplitude of oscillations
and the general trend of change of po-
larization resistance suggest the following
features of the corrosion process:

- in a neutral salt solution dissolving
aluminum occurs in pores existing on the
surface of the oxide film;

- in sulfuric acid solution the initial
more or less active dissolution is replaced
by the reduction of the oxide film, and the
dissolution process slows down and local-
izes in pores of the oxide film;

Fig. 2. The electric resistance measuring
circuit 1 - glass with the test solution,
2 - sample (in the form of wire spiral), 3 -
thermocouple, 4 - high-resistance voltmeters
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- in alkali medium dissolution of alu-
minum observed in cracks of fast-grow-
ing aluminate film.

Experimental curves of the change in
time of the aluminum sample electrical
resistance also had characteristic oscilla-
tions in all studied media (Fig. 4).

The instantaneous rate of corrosion
(V, um/s) can be calculated from the de-
pendence of the electrical resistance on
the radius of the wire sample [3]:

0 O L, OR
Vza—::[';—n] RO @)

wherein r is the radius of aluminum wire;
p is the electrical resistivity of aluminum;
[ is the length of aluminum wire; R(t) is
the resistance value at time ¢.

The resulting time dependencies of the
corrosion rate have oscillations regardless
of the composition of the corrosive solu-
tion. This indicates that despite the sig-
nificantly different values of the electric
resistance and oscillation amplitude in

Conclusion

1. Studies of electrochemical behavior
of aluminum by electrical and polariza-
tion resistance in solutions with different
pH have been carried out.

Rp, Om sm?
16 000 +

14 000 +

12000 -

t s

10 000

0 2000 4000 6000 8000

Fig. 3. The polarization resistance of the
aluminum sample in sodium sulfate
solution
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different solutions the stochastic charac-
ter of dissolution maintains.

In order to identify the character (ran-
dom or fractal) the time series have been
processed by the method of Hurst. The
method involves the standardization of
data to zero, mean and standard deviation.
The calculated values of the Hurst expo-
nent for the time series of polarization
and electrical resistances in the studied
media (Table 1) are in the range from 0
to 0.5. Accordingly, all of the analyzed ex-
perimental time series are anti-persistent,
so observed at the initial time moment
the growth of corrosion rate subsequently
may give place to a decrease.

Table 1

The Hurst exponent for the time series

of polarization and electrical resistance
Solution

Na,SO,

Time series
H SO

2 4

NaOH

Polarization

resistance 0.42+0.21| 0.27£0.13 | 0.27 £ 0.08

Electrical
resistance

0.29+0.02 | 0.29 £0.05 | 0.33 £ 0.04

2. On the basis of the obtained time
dependencies of the instantaneous cor-
rosion rate it was confirmed that the
process of corrosion on the surface of

R, Om 1
0,40 'W
0,30 +
0,20 +

' m’mﬂﬁw
0,10 +
t, s
0,00 } } } ;
0 2000 4000 6000 8000

Fig. 4. The electric resistance
of the aluminum sample:
1 - in sulfuric acid; 2 - in alkali medium
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the aluminum sample develops non-
monotonically: oscillations presented on
graphs suggest the stochastic character of
the process.

3. When processing time series of po-
larization and electrical resistance it was
revealed that the corrosion process on
the aluminum surface has anti-persistent
character regardless of the presence of the
passive film.

The results of the measurement of the
polarization resistance data have con-
firmed known data on aluminum corro-
sion resistance in media with different pH,
more specifically:

- destruction of the passive film and
intensive dissolution in alkaline solution;

- passivation of the oxide film in a neu-
tral solution;

- reduction by the present in the solu-
tion oxygen of the oxide film dissolving
upon contact with an acidic solution.

5. The analysis of experimental data
has revealed that the corrosion rate deter-
mination by the electric resistance is pos-
sible in case of active dissolution of the
metal in a corrosive medium, for example
aluminum in an alkaline medium. In the
presence of the growing passive film this
method is not applicable.

1. Gerasimov V.V. Corrosion of aluminum and its alloys. M., Metallurgiya, 1988. 113 pp.
2. Zhuk N.P. A Course of the Theory of Corrosion and Protection of Metals. M.,

Metallurgiya, 1976. 472 pp.

3. Peters E. Fractal analysis of financial markets: the application of chaos theory to
investment and economics. M., Internet Trading, 2004. 304 pp.
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Beepenue

C TOuKM 3peHVs] HaOMIOeHNs
3a pasBUTVEM KOPPO3MOHHOTO MIPOLIeCca,
6onpinit MHTepeC npencTasseT sudde-
peHIManIbHas XapaKTePUCTUKA CKOPOCTHI
KOppO31M, TAK Ha3blBaeMasi MTHOBEHHas
CKOpOCTb Kopposun [1].

ITocKkOMbKY KOPPO3MOHHBIN IIPOLiece
Ha MeTa/lIN4IeCcKOl IOBEPXHOCTH, CKOpee
BCETO, Pa3BMBAETCs KpailHe HepaBHOMEp-
HO, TO QUKCUPYsI MTHOBEHHbIE 3HAUEHNS
CKOPOCTM KOPPO3MH, MOXXHO IIpOCie-
IUTb YepefoBaHIe ero aKTUBALNM C I10-

JKcnepuMeHTaNbHasa YacTb

B xauecTBe 00BEKTA UCCHAENOBAHMA
MCIIO/Ib30BA/IN TIIOMJHIEBYIO IIPOBOJTIO-
Ky (Al He menee 99,6-99,7 %(macc.)).
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CTeNyIOIIMM BPEMEHHBIM 3aTyXaHUeM,
KOTOpPO€ BHOBb MOXKET CMEHATHCS peak-
tuBanyert. Habnonenns 3a nogo6HbIMI
U3MeHeHIeM MTHOBEHHOI CKOPOCTM Ha
HayaJIbHOM 9Talle pasBUTUA KOPPO3U-
OHHOTO IIPOIecca MOTYT OBITb MOTOXKEHO
B OCHOBY IIpI paspaboTKe JOIr0CPOIHOI
IIPOTHO3HOI Mofen Kopposun. Iloa-
TOMY aKTya/JbHbIM SIB/SIETCS BBIOOp Me-
TOMONIOTMM WCC/IEOBAHUs MTHOBEHHOI
CKOPOCTH KOPPO3UIL.

MrHOBEHHYI0 CKOPOCTb KOpPpO3UM
aJIIOMUHUA U3y4Yaldy B TPEX pacTBOPaAX:
H2S0,, Na2SO, n NaOH, pH kortopsix
cocraBngna 0,78, 5,71 u 11,11 cooTBert-
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CTBEHHO. MTIHOBEHHYI0 CKOPOCTb KOp-
posuM OLEeHMBaIM [ByMS MeETONAMU:
MOJIAPU3ALIMOHHOTO U 37IEKTPUYECKOTO
conpoTusienuit. Vsmepenue mnonsapu-
3alJIOHHOTO CONPOTUB/IEHUA M CHATHE
MO/IAPU3ALIMOHHBIX KPMBBIX OCYILIECTB-
JANM B CTaHAPTHON 3/EKTPOXMMMYeE-
CKOJ1 AA4eliKe C pa3fie/IeHHbIMM KaTOJHBIM
U QHOJITHBIM IIPOCTPAaHCTBAaMI IIPU IIOMO-
M U3MEPUTENbHON CTaHIuy Solartron
1280C. Cxema u3aMepeHMs IpefcTaBlIeHa
Ha puc. 1.

IIporpaMMa usMepeHMs IONApU3aA-
LIIOHHOTO CONPOTUBJIEHMA BK/IIOYaja
300 UMKIOB, KOTOPbIE COCTOAIN U3 U3Me-
peHrsi 6eCTOKOBOTO IOTEHIMAIa B Tede-
Hue 10 ¢, ¢ mocegymoieil pasBepTKo I10-
TeHIMana ot —15 7o +15 MB oTHOCUTETEHO
CTAallYIOHAPHOTO TIOTEHIMaNa, CKOPOCTh
pasBeptku 3 MB/c. IlomspusanuoHHbIe
KpMBBbIe 1A ompepeneHns koadduien-
toB Tadens cHumanu monspusaiyert us
KaTOfHOI 007acTy B QHOGHYIO IIPU JIN-
HelTHOI pasBepTKe MOoTeHIMana 3 MB/c.

Vsmepenue s1eKTPUYECKOTO COIPO-
TUBJIEHMA OCYWECTBIANM TP IIOMO-
M BBICOKOOMHOTO BoOnbTMeTpa. Cxema
YCTAaHOBKM IIpuBefieHa Ha puc. 2. Bpe-
MEHHOJ MHTEPBaI MEXJY U3MEPEHUAMM
cocrapnAn 30 ¢, B KaXK/JJOM pacTBOpe OCY-
mecTsrAny 1no 300 usmepeHu.

Pe3synbTtathbl u ux 06cyxaeHne

TunmyHasa KpuBasg BPEeMEHHOl 3aBU-
CUMOCTM 3KCIIePUMEHTAIbHOTO MOMAPU-
3alIMOHHOTO CONPOTHUB/IEHNA ATIOMUHU-
eBoro obpasiia IpuBeJieHa Ha puc. 3.

Ilo 9KcHepMMEHTAaNbHBIM JaHHBIM
NO/APU3ALMOHHOTO conpoTysienns (R )
ObIIV pacCIMTAHBI 3HAYEHVISI MTHOBEHHOTT

Solatron
1280C
cp p BCA 3
P,

e

L

Puc. 1. CxeMa yCcTaHOBKM LA
MIO/IAPU3aLMIOHHbIX U3MePEeHMIL:
1 - KoMIIbIOTED; 2 — NMEKTPOXMMIIECKAs
CcTaHUMA; 3-3-X0I0BOM KPAHUK;

4 - xyopupcepeOpsIHBII IMEKTPOS,
cpaBHeHMs; 5 — HachleHHbI pactBop KCl;
6 — paboumnit a7eKTpoy; 7 — pabounii pacTBop;
8 — IUIaTMHOBDIN BCIIOMOTraTe/IbHbII
anekTpop; 9 — Kamwsip Tebepa — JIyrruna;
10 — mopcTaBKa IOf, AYENKY;

11 — 37eKTPONUTUYIECKUI KITI0Y

Pric. 2. Cxema usMepeHus 9MeKTPIIeCKOro
CONPOTUB/IEHNA: 1 — CTaKaH C UCCTIeAyeMbIM
pacTBOpPOM, 2 — UCCTIeyeMblit o6paselr
(B BMJE CIMpany U3 IPOBONIOKM), 3 —
TepMoIapa, 4 — BLICOKOOMHBIE BOIBTMETPbI

CKOPOCT) KOpPPO3WM B TOKOBBIX €NUHN-
uax (i, , A/cm®) o ypasHenuo IlltepHa —
Tupu [2]:

b,-b,

. — R 1
Liorr 2’3'(ba +bk)RP ( )
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rne b u b - TadeneBcKmMe HAKTOHBI
AHOJJHOTO ¥ KaTOJHOTO MPOIECCOB.

Bo Bcex mccrenyeMbIx pacTBOpax Ha
BPEMEHHOI 3aBUCUMOCTV MTHOBEHHOII
CKOPOCTM KOPPO3UM IIPUCYTCTBOBATIN
konebannsa. Hanuume xomebanmit cBupe-
TE/IbCTBYET O TOM, YTO KOPPO3VOHHBII
[POIIECC MMEET CTOXACTUYECKMIT Xapak-
Tep. AMIUIMTYAa KonmebGaHumit M o6t
TPeHJ M3MEHEeHUs TOJSIPU3AIMIOHHOTO
COIPOTUBIIEHNsI TIO3BOJISIOT IIPEMIIONO-
JKUTD CTIeRyIole 0COOEHHOCTH KOppo-
3MOHHOTO IpOIlecca:

- B HeWTPaIbHOM PACTBOpPE COMMU pac-
TBOpEHIE aTFOMUHMS POUCXOAUT B TI0-
pax MMEIOIIENCcsl Ha MOBEPXHOCTI OKCUJI-
HOI TIJIEHKU;

- B PacTBOpe CEpHOI KUCTIOTHI TIEPBO-
HadasibHOe 6oJee UM MeHee aKTUBHOE
pacTBOpeHMe CMeHSeTCs BOCCTAHOBIIe-
HYEeM OKCHU/HOJ IUIeHKM, U MPOLeCC pac-
TBOPEHMsI 3aMeM/IeTCS U JIOKA/IU3YeTCs
B IIOPaX OKCU/IHO IUIEHKI;

- B IeNoYM HabIIofjaeTcsi pacTBope-
HUe aJIOMVHMS B TpelMHaX ObICTpopa-
CTYLIelt IIEHKY a/IIOMVHATA.

IKCrepuMeHTaIbHbIE KPUBBIE H3Me-
HEHVsI BO BPEMEHM JNIEKTPUIECKOTO CO-
NPOTUBJIEHNS ATIOMUHNEBOTO 06pasia
TaK)Ke VMMeNN XapaKTepHble KOMeGaHms
BO BCEX UCCTIEOBAHHBIX cpefax (puc. 4).

R, Om-cm?
P

16 000 T
14 000 +

12000 -

tc

10 000

0 2000 4000 6000 8000

Puc. 3. IlonApusannoHHOE COIPOTUBIIEHME
QIIOMUHIEBOTO 06pasija B pacTBope
cynbdara HaTpus
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MrHoBeHHast cKOpocTb Kopposuu (V,
MKM/C) MOXeT OBITh paccYMTaHa MCXO-
IS U3 3aBUCHUMOCTHU 37IEKTPUUYECKOTO CO-
IPOTUBJIEHNS OT Pajiyca IIPOBOIOYHOTO
obpasia [3]:
or (p-l " R

V=—— “R(t)" ~a—,

2
ot \|4rn ot @

Ifie r — pajMycC aJOMMHIEBOI IIPOBOJIO-
KI; p — YHEIbHOE 3NIEKTPUYECKOE COIpPO-
TUBJIEHME ATIOMUHMS; | — [jIuHa asmo-
MUHUEBON MPOBOMOKY; R(t) — 3HaueHue
COIIPOTMBIIEHNS B MOMEHT BPEMEHN L.

ITony4eHHblE BpeMeHHBIE
MOCTU CKOPOCTM KOPPO3UM MMEKT KO-
neGaHMsI BHe 3aBMCHMOCTM OT COCTaBa
KOPPO3MOHHOTO pacTBopa. ITO CBUfe-
TEILCTBYET O TOM, YTO, HECMOTPS Ha 3Ha-
YUTENbHO  OTAMYAIOIMECA  3HAYEHUA
3JIEKTPUYECKOTO CONPOTUBIIEHUSA M aM-
IUIUTYABl KOMeOaHMil, B PasHBIX PacTBO-
pax CTOXAaCTMYECKMII XapaKTep pacTBO-
peHuA COXpaHAeTCA.

C 1enbio BbIABNIEHUA XapakTepa (cy-
YaifHbI YN (ppaKTanbHbIN) BpeMeHHbIE
psngsl Opimu 06pabOTaHBL 10 METORVKE
Xepcra. Meroy npepnonaraeT HOPMU-
poOBaHle JaHHBIX K HYJIEBOMY, CPEIHEMY
U CTaH/IapTHOMY OTK/IOHeHMI0. Paccum-
TaHHblE 3HAYeHMA IIOKasaTend XepcTa
U1 BPEMEHHBIX PpAJOB IIOIAPU3ALUOH-

3aBUCHU-

R, Om 1
0,40 'W
0,30 +
0,20 +

' mﬂw
0,10 +
t, C
0,00 } } } ;
0 2000 4000 6000 8000

Puc. 4. OnexkTpudeckoe COnpoTUBIEHNE
QIIOMIHMEBOTO 00pasia: 1 — B cepHOI
KUCTIOTe; 2 — B 1LIE/IOuN
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HOTO U 3/IeKTPUUECKOTO CONPOTUBIECHMUIA
B MICCIefyeMbIX cpemax (tabm. 1) mexxar
B uHTepBasie oT 0 o 0,5. COOTBeTCTBeH-
HO, BCe IIpOaHa/NINM3MPOBAHHbIE 9SKCIIe-
PUMeHTa/IbHble BpeMeHHbIe Psfibl aHTHU-
MEPCUCTEHTHBI, TO €CTh HAOMIOIaeMblil
B HAYaJIbHBII MOMEHT BpPEMEHU POCT
CKOPOCTM KOPpO3UM B JlaJIbHENIIeM MO-
JKET CMEHUTbCA YMEHDIIEHUEM.

BoiBoab!

1. TIpoBemeHBI MCCTIETOBAHUA OTIeK-
TPOXVMMMYECKOTO TIOBETEHVS aMOMUHIS
MeTOfAMI STeKTPUIECKOTO U HOJLIpu3a-
LJIOHHOTO COIIPOTHB/IEHNS B PacTBOpax
¢ pasHbiM pH.

2. Ha ocHOBaHMM IOTyYeHHBIX Bpe-
MEHHBIX  3aBMCUMOCTE}l MTHOBEHHOII
CKOPOCTM  KOPpPO3UM  IIOATBEP>KAEHO,
YTO MPOLIeCC KOPPO3UM Ha MIOBEPXHOCTH
QIIOMJHIEBOTO ob6pasua pas3BUBaeTcs
HEMOHOTOHHO: MMeIolMecst Ha rpadukax
KOMebaHMsl CBUAETEIbCTBYIOT O CTOXa-
CTUMYECKOM XapakTepe mpolecca.

3. IIpu 06paboTKe BpeMEHHBIX PSI/IOB
HO/IPU3ALMIOHHOTO U 37IEKTPUYECKOTO
CONPOTUBJIEHMII BBLABIEHO, YTO KOP-
PO3MOHHBII TIPOLleCC HAa IIOBEPXHOCTHU
QIIOMVHIS MMeeT aHTUIIePCHUCTEHTHBIN
XapakTep BHE 3aBUCUMOCTY OT HaM4Ms
[IaCCUBHOJ TITIEHK.

PesynpraTamMy M3MepeHMsI HOJIpu3a-
LIVIOHHOTO COIPOTHUBIICHVS IIOATBEPKIe-

Tabmuna 1
[Toxasarenb XepcTa BpeMeHHbBIX PAOB
TIO/IAPU3ALMIOHHOTO U 3/IeKTPUYECKOTr0

COIIPOTUBJIEHNUA
Bpemennoii Solution
pAn H,80, | NaSO, | NaOH
[Nonapusanu-

oHHOe conpo- (0,42 +0,21{0,27 + 0,13|0,27 + 0,08

TUBJICHUE

AneKkTpuye-
CKOe Compo-
TUBICHNE

0,29 +0,02(0,29 + 0,05|0,33 + 0,04

HBI U3BECTHBIE TaHHbIE O KOPPO3MOHHOI
CTOMKOCTM aNIOMUHUA B Cpefax C pas-
munbpIM pH, a nMenHo:

- paspylleHMe ITACCMBHOW IIJIEHKNU
U MHTEHCUBHOE DPAaCTBOPEHME B IIENT0Y-
HOM PacTBOpE;

- TacCUBaLMA OKCUIHON IUIEHKOM
B HEIITpaZIbHOM pacTBOPE;

— BOCCTAHOBJIEHVE TIPUCYTCTBYIOLUIUM
B PacTBOpe KICIOPOJOM, OKCHUJJHOI
IIJIEHKY, PAaCTBOPAIOLIENICA IPY KOHTaKTe
C KJCTIBIM PaCTBOPOM.

5. B xome anammsa SKCIlepMMEHTalb-
HBIX JJaHHBIX YCTAHOBJIEHO, YTO OIpe-
JeJIeHNe CKOPOCTM KOPPO3UM METOJ0M
9JIEKTPUYECKOTO  CONPOTUBJIEHUA BO3-
MOXXHO B Cy4ae aKTMBHOIO pPacTBOpe-
HIA MeTaJUIa B KOPPO3MOHHOM Cpefie, KaKk
HaIpYMep a/JIIOMUHUIA B 1L[€/IOYHOI Cpefie.
ITpy Hammumm pacTymieil IacCUBHOM
IIJIEHKOJ 9TOT METOJL, HE IPUMEHVIM.

1. Iepacumos B. B. Kopposus anoMyHKA U €ro crmaBoB. M. : Metannyprus, 1988. 113 c.
2. ’Kyx H. P. Kypc Teopuy KOppo3uM U 3aljUThl MeTannoB. M. : Merannyprus, 1976.

472 c.

3. [Temepc O. pakranpHblil aHAMN3 PYHAHCOBBIX PHIHKOB: IIPMMEHEHVE TEOPUY Xa0oca
B 9KOHOMUKe / 1ep. ¢ aH1. M.: VInTepHeT-Tpeiianur, 2004. 304 c.
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Introduction

The dust materials suppression
at the chemical factories is the actual
task [1]. The problem of the fine purifi-
cation of the large gas volume from the
disperse particles was existed. At present
the applied multileaf lamellar electro-
static filters are too expensive, bulky and
don’t ensure the required high purifica-
tion efficiency to 99.5-97 %. The wet gas
cleaning at the emulsifiers troubles the
utilization of the product since its release
from the pulp and the following drying is
requested. The large heat costs are neces-
sary for this. Also the task of the elabora-
tion of the high-performance equipment
for the cleaning of the large gas volumes
(hundred of thousands m*/hour) with the
receipt of the product in the dry form is
actual [2].
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The reentrainment by the dust collect-
ing is the parasitic fact. It depends on the
material dispersion, the gas stream speed,
the electrode voltage, the design philoso-
phy of the materials and other. The iden-
tification of the efficiency dependence
of the work of the electrocyclones from
mentioned factors represents the scien-
tific and practical interest [3].

Early it was shown [4] experimen-
tally that the gas purification efficiency
decreases at the aerozol increasing speed
above 15-17 m/sec on the entrance to
the electrocyclone. The centrifugal force
is increasing at the increasing of the gas
speed in the active zone that favors to the
precipitation of the particles but at the
constant length of the machine the time
of the aerozol stay is decreasing, the effi-
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ciency of the charging of the particles is
down, the ash Ola increases. It’s result of
that the particles don’t have time to settle
on the receiving electrode. The reentrain-

Experiment part

You want to exclude one of the factors
to assess the degree of influence of the
residence time of the gas flow in appa-
raten factor and the reentrainment on the
decrease in the efficiency of particle col-
lection in the electrocyclone. To exclude
secondary reentrainment is necessary to
irrigate the receiving electrode by film of
water (wet mode). Then the particles that
touched the water film will not be able
to go back into the gas stream, and will
be permanently removed from the active
zone. Experiments were conducted in dry
and wet mode of operation of the electro-
cyclone.

For research was used an laboratory ex-
perimental setup (stand), shown in fig. 1.
The stand included the electrocyclone 1,
palpatation 2, tranporter TNZh 3, the high
voltage source (model IVNR-20-10) 4,
a U-shaped tube to determine the hydrau-
lic resistance of the electrocyclone 5, the fil-
ter bag 6, inlet pipe to the collector 7, valves
8, rotameters 9, the pressure gauge 10,

2 7

ment is increasing because the already
settled particles especially small knocked
out of the sediment layer of large particles
and turbulent eddies.

the filter holder (type IRA-20-2) 11, the
sampling tube 12.

The test material was supplied by pal-
patation 2 in a disaggregated form on
the inlet pipe 7 into the electrocyclone 1.
Caught ash was collected in the hopper of
the electrocyclone 1, and the purified air
in the duct was removed through the bag
filter 6 into the atmosphere.

For experiments with irrigation de-
scribed above, the electrocyclone was
supplemented with irrigation system and
removal of the pulp (fig. 2).

For irrigation receiving electrode of
the electrocyclone 1 used located in the
cochlea of the irrigation system, consist-
ing of a distribution of ring 2 and the feed
tube 3. The slurry from the hopper 4 is
removed through the seal 5 in Montego 6.
The uniform irrigation of the wall at the
translational-rotational motion of the gas
was achieved when water flow was 8 [/min.

4 8

|%; ) To vacuum

Air

H

72\_1L\i9570

Fig. 1. Scheme of the experimental setup
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Results and Discussion

In the experiments on the capture of
ash in the wet mode the reentrainment
has been completely eliminated, however,
the observed incomplete capture of ash,
which can be explained by nagasarete
particles and active turbulent mixing flow.

The amount of ablation can imagine
(1 -n) - 100 % what allowed us to estimate
the values of ablation in terms of purity.
The dependence of entrainment speed at
a fixed concentration of ash 16.5 g/m’ are
shown in fig. 3.

From figure 3 it is seen that in wet
mode at U= 17 kV (electrocyclone mode)
carryover is less than 1 %, lowering the
voltage to U = 0 kV (cyclone mode) ash
reaches 5-7 %, whereas the ash in dry
mode, when U = 17 kV matter 12-25 %.

According to the experiment were also
calculated values of the secondary ash
as the difference between the degree of
cleaning in wet and dry mode for corre-
sponding points of the plan. The depend-
ence of secondary reentrainment from
the input speed and concentration of ash
is shown in fig. 4.

the amount of entrainment, %

the gas flow rate, m/s

From Fig. 4 shows that reentrainment
varies in the interval from 5 to 35 %, the
highest values are observed at gas veloci-
ties of more than 21 m/sec. The average
value of the secondary ash is 10-15 %,
which is significantly higher than the en-
trainment caused by necesarely. Thus, re-
entrainment reduces the efficiency of ash

Air sol

= Water
J
To vacuum 2 /

Fig. 2. Diagram of the cyclone to work in
wet mode. Indicate in the figure: 1 - electro
cyclone, 2 - distribution ring, 3 - feed tube,

4 - bunker, 5 - seal 6 - Montagu

Bwetmode, U=17kV
Ewet mode, U=13.5kV
Ewetmode, U=10kV
Bwet mode, U=5kV
Bwetmode, U=0kV

Hdry mode, U=17kV

Fig. 3. The dependence of the amount of entrainment from the gas flow rate at different
operating conditions of the electrocyclone
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in the electrocyclone at 5-35 % at velocities 55
of aerosol 14.6-27.4 m/sec, respectively, by W
increasing the ablation is 10-50 times. 301
. g 251
Conclusions G
. . . = 20 1
The reentrainment is observed in the 3
electrocyclone at a critical velocity of the g 15
aerosol at the inlet over 14-16 m/sec, 2 10 -
which depends on the concentration and 5 |
properties of the dust. .
The reentrainment is almost com- 146165210 25,5 47 4
pletely eliminated by irrigation receiv- The gas flow rate o s
ing electrode film of water. The degree of
= 3 = 3
purification is above 95 % without apply- "C=24g/m " C=265g/m
. E(C=6,5g/m* m(C=306g/m
ing a voltage to the corona electrode and "o 16,5 g/

above 99 % at a supply voltage of 17 kV to

the corona electrode. L . .
) various initial concentrations of ash in the
Due to a secondary ablation of the de- gas stream in the dry mode of operation of

gree of purification is reduced by 5-30 %.  the cyclone from the gas flow rate at different
operating conditions of the electrocyclone

Fig. 4. The dependence of secondary ash at
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10.1016/j.jaerosci.2004.09.008.
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Beepenue

VYnaBnuBaHue TIBIIEBUTHBIX
MaTepuanoB Ha XMMUYECKUX IIPeRIpus-
THUAX AB/IAETCA aKTya/lbHON 3ajadent [1].
CywecTByeT mpo6eMa TOHKOM OYMCTKY
60/1b1IMX 00BEMOB I'a30B OT JVCIIEPCHBIX
yactui. IIpumeHseMble B HacTosllee
BpeMsA MHOTOIIO/IbHBIE IIIACTVHYATbIe
MeKTPOPUIBTPHL  CPAaBHUTETBHO  JIO-
poru, rpoMO3JKM U He 00eCcHeyrBaoT
TpeOyeMyI0 BBICOKYIO CTelleHb OYMCT-
K1 99,5-99,7 %. Mokpas o4nCTKa Ta30B
B SMYJAbraTopax 3aTpyfgHAeT YTUIM3a-
LIMI0 TIPOAYKT4, T. K. TPeOYeTCs ero Bhifie-
7TIeHNe U3 TTY/IbIIBI U OC/IeAYIoNas CYIIKa.
Ilist aToro TpebyroTcst 60blIIe 3aTPAThI
Tema. Taxke aKkTyajabHa 3ajjaua paspa-
60TKM BBICOKO3(PEKTHUBHOIO 060pyno-
BaHMA IS OYUCTKYU OONBIINX 00BHEMOB
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razoB (COTHM TBIC. M*/4) C IIONyYeHVEM
IIPOAyKTa B CyXOM Bupie [2].

BropuuHbII yHOC TIpM IbUIEY/IaB-
MMBaHMM - TapasuTHoe sBieHue. OH
3aBUCUT OT JMCIIEPCHOCTY MaTepuaa,
CKOpPOCTM IIOTOKA Ta3a, HAIPSDKEHUs Ha
37IEKTPOJAX, KOHCTPYKTMBHBIX OCOO€H-
HOCTeil anmapatos u ap. IIpencrasnser
HAYYHBI ¥ TIPAKTUYECKUIT MHTEPeC BbI-
ABJIEHME 3aBMCHMOCTU 3PPEKTUBHOCTH
PaboTHI 3NEKTPOIMKIOHA OT YKa3aHHBIX
dakropos [3].

PaHee 9KCIepMMEHTa/NbHO OBIIO IO-
Kas3aHo [4], Y4TO CTelmeHb OUMCTKM rasa
CHIDKAETCA TIPYM YBEINYEHUN CKOPOCTH
aspo30/sl Ha BXOfe B 3MEKTPOLMKIOH
cebime 15-17 m/c. Ilpu yBenudenun cko-
pOCTH Tasa B aKTUBHOI 30He BO3pacTaeT
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LEeHTpOOeXHAs CHUIA, ITO OIATOIPUATCT-
ByeT OCX/IEHMIO JAaCTUII, HO TP MIOCTO-
SIHHOJI [yIMHe anmapara BpeMs npebbiBa-
HIA a3p03071 B AKTUBHOI 30He alapara
YMEHBIIIAEeTCH, CHIDKaeTcs 9QPQeKTnB-
HOCTDb 3apAfIKM YacTHUIl, YBEINIMBAETCS
YHOC 3071bl. DTO SABMAETCA CAEeNCTBUEM

JKCnepuMeHTaNbHasA 4acTb

Yrobbl OLEHUTb CTENeHb BIVAHNA
BpeMeHU IpeObIBaHUA Ta30BOTO IOTO-
Ka B almapaTe ¥ BTOPMYHOIO YHOCA Ha
cHIKeHNe 3¢ (EKTUBHOCTU Y/IaB/IUBa-
HUA YacTUL, B 3JIEKTPOLMKIIOHE, Tpeby-
eTcs VICK/TIOUUTD OfiMH 13 (akTopoB. [
VICKJIIOYEHVSI BTOPMYHOTO YHOCA HeoOXo-
AMMO OPOUIATh OCa/IUTENbHBIN STEeKTPOJ
IUICHKOJ BOZBI (MOKPBIIT PEKUM paboThl).
Torma wacTuipl, KOCHyBIINMeCA IIIEHKU
BOAbI, HE CMOIYT BEPHYTbCSI OOPaTHO
B IIOTOK rasa, a 6yAyT HeobpaTumo ypa-
TATbCA U3 aKTUBHOI 30HBL. bblmu mpose-
IeHBI 9KCTIEPYMEHTBI B CYXOM M MOKPOM
pexiMe paboTbl SNMEeKTPOLVIKIOHA.

JI71s1 mpoBeeH s MCCIeoBaHmit OblIa
UCIO/Ib30BaHa J1a00OpaTOpHasi 3KCIepu-

TOTO, YTO YAaCTUIIBI He YCIEBAIT 0CeCThb
Ha 0Ca/INTeNbHbIN 37IEKTPOf. BTopuyHbIi
YHOC yBeNM4MBaeTcs, T.K. Y>Ke OCeBIlue
JaCTHUIIbI, OCOOEHHO MeJIKIe, BBIOMBAIOT-
€S U3 C7I0S1 OCafiKa KPYTIHBIMM YaCTUI[AMM
U TYpOYIEHTHBIMI BUXPSIMIL.

MeHTa/IbHasg YCTaHOBKa (CTeHJ), IIOKa-
3aHHadA Ha puc. 1.

VccnenyeMblit MaTepyan HbUIETIOfAT-
YYKOM 2 TIOJ]aBa/ICsl B Jie3arperupoBaH-
HOM BJJi€ II0 BXOJHOII Tpy6e 7 B 37IEKTPO-
UUK/IOH 1. YIIOB/eHHast 3071a cobmpanach
B OYHKepe 97eKTPOLMKIOHA I, a OuNIIleH-
HBII BO3/IyX IO BO3JYXOBOAY YAaIA/CA
yepes pyKaBHBII QUIBTP 6 B aTMOChepY.

JInsi mpoBeneHUs ONBITOB C OpOIle-
HJEM OIIMCAHHBII BbIIIE 3/IeKTPOLVKIIOH
TOTIONHA/ICA CUCTEMOJ OpOIIeHNs U ya-
JIeHVS ITy/IbIbI (puc. 2).

Jl/ist OpOILIEHNST OCAIUTETBHOTO STIEK-
TPOJja 3NEKTPOLMKIOHA | TPUMEHSITACh
PacIONoXKeHHAs! B YIUTKE MPPUTALVIOH-
Hasl CHUCTeMa, COCTOsIBIIAsh U3 pacipe-

sl sl )/

2 7 4 8

[ p—y .

9 1 ] AN : Hacocy
| |
e |
o/ | |
8 j :
| |

e 4 \Q\j‘ 9 \8 \ 10

Puc. 1. CxeMa sKCIIepMMeHTa/IbHOM YCTAHOBKYA: 9/1EKTPOIUK/IOH — I, IbIIENIOfATYMK — 2,
taroHarmopomep THIK - 3, ucrounnk Boicokoro HampsokeHusA (Momens VIBHP-20-10) - 4,
U-o6pasHylo TpyOKY /11 OIpefie/IeHNs IUPaBINdecKoro COPOTUB/ICHNS J/EKTPOIMK/IOHA —
5, pyKaBHbIi1 GUIBTP — 6, IOABOMALIYIO TPYOY C KOTTIEKTOPOM — 7, BEHTU/IM — 8, POTaMeTpBI —
9, maHoMeTpsI — 10, punprponepxarens (tuma VIPA-20-2) - 11, mpo6oot6opHyIo TpyOKy — 12
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JEIUTENBHOTO KONbIA 2 ¥ IONAMIMX
Tpy6ok 3. CycneHsus n3 6yHkepa 4 yna-
NAIach 9epes IUpo3aTBOP 5 B MOHTEXKIO
6. PaBHOMepHOE OpOlI€HMEe CTEHKN IIpU
IIOCTYTIaTeNIbHO-BPALIaTeIbHOM  JIBVDKE-
HIY Ta3a JOCTUIA/IOCh IIPY PACXOJie BOJbI
8 n/muH.

PesynbTarbl n 06cypeHue

B skcmepyMeHTax MO Y/IaBNMBAHNIO
3071bI B MOKPOM peXMMe BTOPUYHBIN
YHOC OBII ITOTTHOCTBIO MCK/IIOUEH, BMeCTe
C TeM HAO/IOfATI0Ch HEMIO/HOE yIaB/IBa-
HIfe 3071bI, KOTOPOe MOXXHO OOBICHUTH
HeJ03apANKON YacTull ¥ aKTUBHBIM TYp-
Oy/IeHTHBIM IlepeMellBaH/eM II0TOKa.

BennunHy yHOCa MOYKHO IIPE/ICTaBUTD
Kak (1 — n) - 100 %, 4yTO O3BOMUIIO OlLje-
HUTb 3Ha4YeHUs YHOCA B €fMHUIJAX CTe-
MeHM OYMCTKU. 3aBUCUMOCTb BETUYMHBI
YHOCa OT CKOPOCTH IIpU PUKCUPOBAHHOI
KOHI[eHTpaluu 3076l 16,5 T/M° mokaszaHa
Ha puc. 3.

Ha puc. 3 BUAHO, YTO B MOKpPOM
pexxume npu U = 17 kB (3/1eKTpOLMKIOH-
HBII PeXJM) YHOC COCTaBIsieT MeHee 1 %,
IIpyU CHIDKeHUY HanpspkeHus fo U = 0 kB

BennuuHa yHoca, %

CKOpOCTb rasoBoro novoka, M/c

Brad a3poz0m Bxod
—_—=
bodst
J
K baxyym-+acocy 2 7

Beixad
OYULEHHOZ0
2030

Puc. 2. Cxema 37K TPOLMK/IOHA /ISt pabOThI
B MOKPOM PeXume: I — 9/1eKTPOIUK/IOH,
2 - pacnpepnennTebHoe KOMbLIo,
3 - noparwoue TpyoK, 4 — 6YHKep,
5 — rTMIpo3aTBop, 6 — MOHTEXIO

(LMK/IOHHBIN PEXUM) YHOC [IOCTHUIAeT
5-7 %, TOrga Kak yHOC B CyXOM DeXume
npu U = 17 kB umeer sHauenus 12-25 %.

ITo paHHBIM SKCIEPUMEHTA TaKXKe
OBUIM pacCYMTAHBI 3HAYEHMA BTOPUYHO-
IO YHOCa KaK pasHMIA MEXK/Y CTEIEeHbIO
OYMCTKM B MOKPOM U CYXOM PeXMUMe JJIA

Moxpeiit pexxum, U =17 kB

Moxkpbiit pexum, U =13,5«B

Moxkpeiit pexum, U =10 B

Moxpeiit pexxum, U =5 kB

Moxpeiit pexxum, U = 0 kB

Puc. 3. 3aBUCHMOCTD BeIMYMHLI YHOCA OT CKOPOCTY Ta30BOTO MOTOKA TIPY Pa3INIHBIX
PeXyMax paboThI STeKTPOIMKIOHA
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COOTBETCTBYIOIIMX TOYEK IIaHA. 3aBn-
CMMOCTDb BE€/INYMHBI BTOPMYHOIO YyHOCa
OT BXOJHOII CKOpPOCTI M KOHLEHTpaluun

35"

a3p0307Is1 30716l MOKA3aHa Ha puc. 4. a;

Ha puc. 4 BUIHO, YTO BTOPUYHBII g 251
YHOC BapbypyeT B MHTepBaje OT 5 IO E 2 |
35 %, HauboIbluMe 3HAYeHUA HabIofma- I
FOTCSL TIPU CKOPOCTSIX rasa 6omee 21 m/c. g 15 1
CpenHee 3HaueHUe BTOPUYHOIO YHOCA 2 10
cocrapnAer 10-15 %, 4TO CyIleCTBEHHO %

o

BbIIIE YHOCA, BBI3BAHHOTO HEN03apAf- 5 1
koit. Takum 06pasoM, BTOPMYHBI YHOC
cHIKaeT 9P PeKTUBHOCTD YIaBIVNBAHUA
307Ibl B 3JIEKTPOLMK/IOHE Ha 5-35 % rnpu
CKOpOCTAX asposons 14,6-27,4 m/c, co-

O-

14,6 16,521,0 25,527,4

CKOpOCTb ra3oBoro noToka, M/C

OTBETCTBEHHO YBeTII/I‘{I/IBaH HbIT[e}IHOC nC= 2,4 r/|v'|3 mC= 26,5 r/M3
B 10-50 pas. EC=6,5r/V u(=30,6r/v*
BC=165 B
BbiBogbl S/

BTOPI/I‘IHbIﬁI yHOC Ha6}11011aeTc5{ Puc. 4. 3aBUCUMOCTD BETUIMHBI BTOPUYHOTO
YHOCA OT CKOPOCTU rasa npu pa3jim4aHbIX

Hada/IbHbIX KOHIEHTPpaUVAX 307/1bL
B IIOTOKE rasa npu CyXoM pexmnme pa60TI)I
9/IEKTPOLMKIOHA

B 3JIEKTPOLIMK/IOHE IIPUM KPUTUYECKOI
CKOPOCTH a9p030Jid Ha BXOJle CBbIlIE 14—
16 M/c, 9TO 3aBUCUT OT KOHIEHTpPaLNN
U CBOJICTB IIBIJINA.

BropuuHBIi yHOC NPAaKTUYECKM IOJA- HUPYIOWUI 971€KTPoA 1 Bbille 99 % npu
HOCTBIO JIMKBUJMPYETCA IIyT€M Opolle- IIofiadye HanpsbKeHuA 17 kB Ha KopoHupy-
HIA OCA[IUTEILHOTO 37IEKTPOJa IVIEHKON  IOLINIA 3/IEKTPO/,.

BOJIbl, CTEIIEHb OYMCTKY IIPY 3TOM BbIIIIE BcnepcrBue BTOPMYHOTO YHOCa CTe-
95 % 6e3 momauy HANpPsDKEHNS HAa KOPO-  IIeHb OUMCTKY CHIDKaeTcs Ha 5-30 %.

1. Lim K. S., Kim H. S., Lee K. W. Comparative performances of conventional cyclones
and a double cyclone with and without an electric field. J. of Aerosol Sciences. 2004,
35(1): 103-116. DOI: 10.1016/j.jaerosci.2003.07.001

2. Tsai R., Mills A. FE. A model of particle re-entrainment in electrostatic precipitators. J. of
Aerosol Science. 1995, 26(2): 227-239. DOI: 10.1016/0021-8502(94)00102-5.

3. Xiangrong Z., Lianze W., Keqin Z. A simple criterion for particle-wall adhesion in a
wire-plate electrostatic precipitator. J. of Aerosol Sciences. 2005, 36(3): 411-417. DOL:
10.1016/j.jaerosci.2004.09.008.

4. Titov A.G., Gil'vanova Z. R., Inyushkin N.V,, Ermakov S. A., Shchelchkov I. P, Ai-
tova A.I, Man’kov M. G., Tokareva N. A,, Perfilov S. A. Efficiency of Electrostatic
Cyclone Operation. Chemical and Petroleum Engineering. 2014, 49(9-10): 655-659.
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The redox transformations and nucleophilic

replacements as possible metaholic reactions
of the drug “Triazaverin”. The chemical
modeling of the metaholic processes

As a model of metabolic transformations of antiviral drug “Triazaverin” and

its analogues-2-alkylthio-6-nitro-1,2,4-triazolo[5,1-c][1,2,4]triazine-7-ones
la-d examined the oxidation of alkylthio groups to the corresponding sulfox-
ides 2a-d and sulfones 3a-d, as well as the process of nucleophilic substitution
sulfonyloxy group of cysteine and cysteamine with the formation of compounds

5and6.

Key words: biological active compounds; heterocycles; triazine; Triaza-

verin; antiviral drug.
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Introduction

The relevance of creating new
antiviral drugs due to the joint action of
such operating factors as the spread of so-
cially significant, particularly dangerous
infections, and the emergence of patho-
genic viral strains resistant to existing
drugs.

The antiviral drug “Triazaverin” and
its analogues are highly effective in ex-
periments in vivo and decreased activity
in experiments on cell cultures, suggest-
ing that the antiviral effect is not the “Tri-
azaverin’, and products of its transforma-
tions in the body. One way to identify
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such transformations in the organism is
to predict the possible products of modi-
fications of the compounds and chemical
synthesis models.

Based on the molecular structure
of compounds la and study of chemi-
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cal properties of nitroazolo[5,1-c][1,2,4]
triazines [1] can assume various variants
of metabolism: redox transformations in
the body (directions A, B) as the reduc-
tion of the nitro group under the action
of a reductases (direction A), oxidation
of alkylthio fragment under the action
of oxidases (direction B) and its further
transformation. The part transferases un-
der the action of N - and S-nucleophils,
such as lysine, arginine, cysteine could
lead to the replacement of alkylthio- or
nitro groups (directions C, D).

The hydrolytic enzymes are also quite
capable to lead the transformation of “Tri-

Results and Discussion

Considering the possibility of oxida-
tion of alkylthio groups under use “Triaza-
verin” and its analogues, it should be noted
that in the majority of viral infections at
an early stage of the process is increased
generation of reactive oxygen species [3].
Based on the foregoing, it is natural to as-
sume that in these conditions can occur in
the oxidation reaction of S-methyl group
of “Triazaverin” characteristic, for example,
for SH-containing amino acids of methio-
nine under oxidative stress.

In the present communication present
data on the production model experi-
ments with the drug “Triazaverin” - the
study of the oxidation of S-methyl group
and the behavior of oxidation products
under the action of S-nucleophils. This
approach allows, on the one hand, to pre-

azaverin” accompanying the degradation
of triazine cycle with the break of bond
C-N (direction E). The alkylation on the
N-atom is possible too (direction F).
With regard to the redox transforma-
tions of “Triazaverin” that we previously
established that after the intragastric
administration of laboratory animals of
the drug substance, there is a reduction
of the nitro group with the formation of
2-methylthio-6-amino-1,2,4-triazolo[5,1-
c][1,2,4]triazine-7-one [2], does not ex-
hibit antiviral action in vitro and, most
likely, which is not applicable metabolite.

o o]
NOp 18%H0; o NO,
NJH/ 1 equiv i “N
Z Z
RS—( o [% _i__.l__ﬁ\_). R-S— J\
1a-d Na 3a-d H

®
H||Na
\ o}
30% H,0,
)H/N()z 292 equlv) II N‘NJKKN02
RS%’ LI
TFA N’ N,N
H

2a- d 4a-d
R = CHj3 (a), C;Hs (b), n-C3Hy (c), i-C3H7 (d)

Scheme 1

dict the course of chemical reactions relat-
ed to the behavior of the drug in the body;,
and on the other hand, by the synthesis of
the respective compounds to simulate the
process of formation of covalent bonds
of azolo[5,1-¢]1,2,4-triazines with S-key
fragments of proteins as cells and virus.

Redox-transformations of “Triazaverin” and its derivatives

The first aspect of this work was the
synthesis of model compounds - oxida-
tion of sulthydryl groups in molecules of
sodium salts of 2-alkylthio-6-nitro-1,2,4-

triazolo[5,1-c]1,2,4-triazine-7-ones la-d
or in the associated N-H-acids compris-
ing the formation of heterocyclic sulfox-
ides 3a-d and sulfones 4a-d. Sulfoxides
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3a-d (Scheme 1) were obtained under the
treatment of the compounds 1a-d or 2a-d
by the equimolar quantity of 18 % hydro-
gen peroxide in the trifluoroacetic acid.

Further oxidation to the correspond-
ing sulfones 4a-d with the yields 62-71 %
carried out by gradual addition of excess
2.2 equivalent of 30 % hydrogen peroxide
to the suspension of 2-alkylthio-1,2,4-
triazolo[5,1-c]-triazines in the trifluoro-
acetic acid at room temperature.

The represented reactions model the
possible metabolic transformations of
“Triazaverin” and its derivatives under the
action of the active forms of oxygen in-
cluding hydrogen peroxide.

Nucleophilic replacement of methyl-
sulfonilic group. It is known that alkyl-
sulfonyl fragments are susceptible to the
substitution reactions when interacting
with nucleophiles [4]. With regard to the
behavior of nitro group in “Triazaverin”
but the susceptibility of the nitro group
associated with aromatic (heteroaromat-
ic) cycle to the displacement under the
nucleophiles [5] is well known.

Thus in the structure of 2-alkylsul-
fonyl-1,2,4-triazolo[5,1-c]1,2,4-tria-
zine-7-ones 4a-d there are two groups that
are susceptible to nucleophilic displace-
ment. This situation is of interest for the
research of the comparative reactive abil-
ity of the easy outgoing groups CH,SO,-
in 1,2,4-triazole and NO, in1,2,4-triazine
cycles in the compounds 4a-d and also

Experiment part

NMR'H and *C spectra were record-
ed on a spectrometer Bruker DRX-400
(400 and 100 MHz, respectively) in
DMSO-d, and D,O. The chemical shifts
are recorded in o scale relatively inter-
nal standard TMS for NMR'H spectra.
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as the model of the behavior of “Triaza-
verin” in the organism. As the nucleo-
philic reagents in this work were used
S-nucleophiles(cysteine and cysteamine),
which can be regarded as models of pro-
tein fragments containing cysteine frag-
ment.

The substitution sulfonylic fragment
in  2-methylsulfonyl-1,2,4-triazolo[5,1-
c]1,2,4-triazine 4a under the influence,
as cysteine and cysteamine, occurs in dry
methanol in the presence of triethylamine
in a few days with the formation of com-
pounds 5 and 6- substitution products
methylsulfonyl group with the yields 41-
46 % (Scheme 2).

The date of NMR 'H, IR-spectrosco-
py and elemental analysis for the com-
pounds 5, 6 correspond to the attributed
structures.

The described displacement of alkyl-
sulfonyl group in the compound 4a is
the argument in favor of the assumption
about the possible participation of this
fragment in the metabolic transforma-
tions of “Triazaverin”

Q
HS 0oC @
_>—C,00H NH;
HN Negy s N0z
s I
L en
9 NN g
o N\MJH,NO2 (CaHs)sNH
g
HC §_<N’J\N,IN ® o
Hs NH,
H o : NO,
NH, N~ 2
4a s—¢ NT
NF N
6
Scheme 2

Elemental analyses were performed on
CHNS-analyzer “Perkin Elmer 2400-II".
IR spectra (4000-400 cm™) of the re-
ceived compounds were recorded on
a spectrophotometer “Perkin Elmer
Spectrum One BFTIR” in thin layer of a
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sample (DRA). Reaction monitoring and
the individuality of the synthesized com-
pounds was performed by TLC plates
Sorbfll in the systems: ethyl acetate and
butanol-acetic acid-water 4:1:1.

General methods 1 for preparation of
2-alkylsulfinyl-6-nitro-1,2,4-triazolo[5,1-
c]1,2,4-triazin-7-ones (3a-d).

To a suspension 0.01 mol of so-
dium salt  2-alkylthio-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazin-7-one (1) in
10 mL of trifluoroacetic acid by mixing
was added 1.78 ml (1 eq.) of 18 % hydro-
gen peroxide. The reaction mass is mixed
at room temperature during 3 hours. The
resulting solid precipitate was filtered and
was crystallized from iso-propanol.

2-Methylsulfinyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one (3a)
was obtained on the general methods
1 from compound la in terms of beige
crystalline solid, yield 70 %, mp 256 °C,
'H NMR (DMSO-d,, 400 MHz): 9.84
(1H, ymrc., NH), 3.05 (3H, ¢, CH,); “C
NMR (DMSO-d,, 100 MHz): 169.09 (C)),
15732 (C,), 144.05 (C), 143.57 (C),
25.58 (CH,SO); IR (v/sm™): 1750 (C=0);
1036 (-SO-); 1553,1340 (NO,); elemen-
tal analysis, calculated for CH,N.O,S %:
C 24.59, H 1.65, N 34.42. Found, %: C
24.62, H 1.43, N 34.28.

2-Ethylsulfinyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one  (3b)
was obtained on the general methods 1
from compound 1b in terms of beige crys-
talline solid. Yield 74 %, mp 227 °C, 'H
NMR (DMSO-d,, 400 MHz): 11.16 (1H,
brs., NH), 3.36-3.16 (2H, m, CH), 1.24
(3H, t, ] = 7.4, CH,); *C NMR (DMSO-
d,, 100 MHz): 168.34 (C)), 157.58 (C,),
144.36 (C), 143.87 (C,), 46.64 (CH,SO),
6.15 (CH,); IR (v/sm'): 1748 (C=0);
1022 (-SO-); 1552, 1336 (NO,); elemen-

tal analysis, calculated for CHNO,S,
%: C 27.91, H 2.34, N 32.55. Found, %:
C27.87,H2.27, N 32.31.
2-Propylsulfinyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one (3¢)
was obtained on the general methods
1 from compound Ic in terms of beige
crystalline solid. Yield 72 %, mp 222 °C,
'"HNMR (DMSO-d,, 400 MHz): 8.41 (1H,
brs., NH), 3.29-3.18 (2H, m, SOCH,),
1.78-1.55 (2H, m, CH,), 1.01 (3H, t, ] = 7.4,
CH,); "C NMR (DMSO-d,, 100 MHz):
168.19 (C), 157.87 (C,), 144.19 (C),
143.46 (C,), 54.15 (CH,S0), 1521 (CH)),
12.94 (CH,); IR (v/sm™): 1748 (C=0);
1013 (-SO-); 1556, 1336 (NO,); elemen-
tal analysis, calculated for CHN.O,S, %:
C 30.88, H 2.96, N 30.87. Found, %:
C 30.82, H 3.12, N 30.77.
2-iso-Propylsulfinyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one  (3d)
was obtained on the general methods
1 from compound 1d in terms of beige
crystalline solid. Yield 77 %, mp 239 °C,
'"H NMR (DMSO-d,, 400 MHz): 7.60 (1H,
brs., NH), 3.49-3.38 (1H, m, CH), 1.27
(6H, dd, J = 6.8, 2CH,); "C NMR (DM-
$O-d, 100 MHz): 167.79 (C,), 157.42
(C,), 14433 (C), 143.86 (C), 53.07
(CHSO), 15.92 (CH,), 14.59 (CH); IR (v/
sm™): 1752 (C=0); 992(-SO"); 1555, 1342
(NO,); elemental analysis, calculated for
C,H,N,O,S, %: C 30.88, H 2.96, N 30.87.
Found, %: C 31.07, H 2.95, N 30.89.

The general methods 2 for prepara-
tion of 2-alkylsulfonyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazin-7-ones (4a-d).

To asuspension 0.01 mol of sodium salt
2-alkylthio-6-nitro-1,2,4-triazolo[5,1-
c]1,2,4-triazin-7-one (1) in 14 mL of tri-
fluoroacetic acid by mixing dropwise was
added 4 ml (2 eq.) of 30 % hydrogen per-
oxide in order that a temperature wasn't
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above 80 °C. Then the reaction mass was
mixed at a room temperature during
3 hours, the precipitate was filtered and
crystallized from iso-propanol.
2-Methylculfonyl-6-nitrol,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one  (4a)
was obtained on the general methods
2 from compound la in terms of beige
crystalline solid. Yield 66 %, mp 275 °C,
'HNMR (DMSO-d,, 400 MHz): 7.57 (1H,
brs., NH), 3.41 (3H, s, CH,); "C NMR
(DMSO-d,, 100 MHz): 163.86 (C,), 158.41
(C,), 144.69 (C), 143.64 (C), 41.84
(CH,S0,); IR (v/sm™): 1759 (C=0); 1347,
1138 (-SO,-); 1570, 1323 (NO,);); elemen-
tal analysis, calculated for CH,N.O.S, %:
C 23.08, H 1.55, N 32.30. Found, %: C
23.21, H 1.31, N 32.33.
2-Ethylsulfonyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one  (4b)
was obtained on the general methods
2 from compound 1b in terms of beige
crystalline solid. Yield 64 %, mp 259 °C,
'HNMR (DMSO-d,, 400 MHz): 9.71 (1H,
br.s.,NH), 3.52 (2H, qv.,J=7.4,CH,), 1.33
(3H, t, ] = 7.4, CH,); *C NMR (DMSO-
d,, 100 MHz): 162.82 (C)), 158.93 (C,),
145.06 (C.), 144.02 (C,), 48.54 (CH,SO),
7.25 (CH,); IR (v/sm™): 1759 (C=0); 1311,
1140 (-SO,-); 1557, 1332 (NO,); elemen-
tal analysis, calculated for CHN,O.S, %:
C 26.28, H 2.21, N 30.65. Found, %: C
26.44, H 2.20, N 30.43.
2-Propylsulfonyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one (4¢)
was obtained on the general methods 2
from compound 1c in terms of beige crys-
talline solid. Yield 71 %, mp 264 °C, 'H
NMR (DMSO-d,, 400 MHz): 11.98 (1H,
brs., NH), 3.53 (2H, t, ] = 7.6, SO,CH)),
1.76-1.67 (2H, m, CH)), 0.98 (3H, t,
J = 74, CH); “C NMR (DMSO-d,
100 MHz): 16322 (C), 158.44 (C,),
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144.91 (C), 143.99 (C,), 55.35 (CH,S0)),
1620 (CH,), 12.94 (CH,); IR (v/sm™):
1748 (C=0); 1293, 1139 (-S0,); 1556,
1326 (NO,); elemental analysis, calculat-
ed for CHN, O.S, %: C 29.17, H 2.80, N
29.16. Found, %: C 29.01, H 2.88, N 29.24.
2-iso-Propylsulfinyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one  (4d)
was obtained on the general methods
2 from compound 1d in terms of beige
crystalline solid. Yield 62 %, mp 282 °C,
'H NMR (DMSO-d,, 400 MHz): 8.27 (1H,
brs., NH), 3.73-3.63 (1H, m, CH), 1.35
(6H, d, ] = 6.8, 2CH,); °C NMR (DM-
SO-d, 100 MHz): 161.91 (C,), 158.80
(C,), 14498 (C), 144.02 (C), 54.30
(CHSO,), 15.02 (2CH,); IR (v/sm™): 1749
(C=0); 1311, 1135 (-SO,-); 1556, 1326
(NO,); elemental analysis, calculated for
CHN,0.S, %: C 29.17, H 2.80, N 29.16.
Found, %: C29.11, H 2.69, N 29.00.

The general methods 3 of nucleo-
philic replacement in 2-methylsulfo-
nyl-6-nitro-1,2,4-triazolo[5,1-c]1,2,4-tri-
azin-7-one.

To a suspension 0.001 mol of cyste-
ine (or cysteamine) in 20 ml of methanol
were added triethylamine and were mixed
at the argon atmosphere during 5 min,
then to a reaction mass were added equiv-
alent of 2-alkylsulfonyl-triazolotriazin
and were refluxed. The end of reaction is
determined by TLC in system: butanol-
acetic acid-water 4:1:1. The resulting solid
precipitate was washed with iso-propanol.

Triethylammonium salt of
(2’-amino-2’-carboethoxyethylthio)-
6-nitro-1,2,4-triazolo[5,1-c]triazine
hydrochloride (5) was obtained with use
of the general methods 3 and 3 equivalent
of triethylamine. The product was crys-
tallized from the water ethanol in terms
of canary crystalline solid. Yield 46 %,
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mp 158 °C, 'H NMR (D,0, 400 MHz):
427 (1H, dd, J = 7.5, 3.8, CHN), 3.98
(1H, dd, J = 15.2, 3.8, H_ in SCH), 3.66
(1H, dd, J = 15.2, 7.5, H, in SCH), 3.21
(6H, qv., ] = 7.28, 3CH), 1.29 (9H, t, ] =
7.28, 3CH,); "C NMR (D,O, 100 MHz):
172.02 (COO"), 166.09 (C,), 159.16 (C,),
14455 (C), 143.06 (C,), 54.47 (CHN),
46.71 (3CH,), 31.67 (SCH,), 8.27 (3CH,);
IR (v/sm™): 1682, 1615 (C=0); 1504, 1361
(NO,); elemental analysis, calculated for
C,H,,N,0.8*H,0, %: C 37.10, H 5.71, N
26.63. Found, %: C 36.96, H 5.56, N 26.72.

2-(2’-Amino-ethylthio)-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine hydrate (6)

was obtained with use of the general
methods 3 and 2 equivalent of trieth-
ylamine. The product was crystallized
from the water ethanol in terms of canary
crystalline solid. Yield 41 %, mp 285 °C,
'H NMR (D,0, 400 MHz): 3.58 (2H, t,
J=7.03,NCH.),3.49 (2H,1,]=7.03,SCH);
13C NMR (DMSO-d,, 100 MHz): 163.95
(C,),160.12 (C, ), 144.77 (C.), 142.94 (C,),
38.69 (CH,N), 27.87 (SCH,); IR (v/sm):
1690 (C=0); 1514, 1371 (NO,); 3521
(broadened) (-NH,'); elemental analy-
sis, calculated for CH N O,S*H,O, %:
C 26.18, H 3.27, N 35.64. Found, %:
C2591,H298,N 35
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Pepokc npeBpaiyeHns U HykneogunbHble

3aMeLleHnsa KaK BO3MOXXHble MeTabonuyeckue
peakuum npenaparta «TpuasaBupuHa».
XuMuuyeckoe MoaenupoBaHMe NpoL,eccoB
MeTabonusma

B kauectBe mMopesnbHbIX MeTabonmueckux npespalleHnidi MPOTMBOBMPYCHOMO
npenapaTa «TpuasaBupuH» U €ro aHanoroB — 2-ankuntuno-6-HuTpo-1,2,4-tpu-
asono-[5,1-c][1,2,4]puasnH-7-oHoB la-d paccmMoTpeHbl peakLyn OKWUCEeHUs
anKuTMorpynmbl ¢ 06pa3oBaHMeM COOTBETCTBYIOLWMX CynbokcuaoB 2a-d 1 cynb-
thoHoB 3a-d, a Takxe npouecc HykneothUnbHOro 3amelleHus CynbtOHWUILHON
FPYNMbl LMCTEMHOM M LMCTEAMUHOM C 06pa30BaHWeM CoeavHeHWi 5 v 6.

KnioueBble cnoBa: 610n0rvyecky akTBHbIE COELVMHEHWS, FeTepOLMKIIbI,

Tpuasw, TpuasasBepuH, aHTUBMPYCHLIE NpenapaTsl.

© Mepgepesa H. P., CanoxHukosa W. C., PycuHos B. J1., Ynomckuii E. H., 2015

Beepenue

AKTYyaJIbHOCTD CO3/JaHMsI HOBBIX
IPOTMBOBUPYCHBIX CPENCTB OOYCIOBIIe-
Ha COBMECTHBIM [EVICTBMEM TaKVUX IIOC-
TOAHHO JeMCTBYIOIIMX (PAKTOPOB, KaK
pacIpocTpaHeHe COLMaNTbHO 3HAYNMBbIX,
0c060 omacHbIX MHQEKINIL, a TAKXe I0-
ABJICHUE IIaTOTeHHBIX BUPYCHBIX LITAM-
MOB, YCTOMYUBBIX K JEVCTBUIO CYIIeCT-
BYIOLINX JIEKAPCTBEHHBIX CPECTB.

ITpoTuBoBUpYCHBIN TpenapaT «Tpua-
3aBMPVMH» U €Tr0 aHA/JOrM OO/NaflaloT BbI-
COKOJ1 3¢ (EeKTUBHOCTBIO B OIBITAX iN
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Nu 3 4 Na ©

o H

(F)

vivo [1] M TOHM>KEHHOM AKTUBHOCTBIO
B 9KCIEPUMEHTaX Ha K/IETOYHBIX KY/Ib-
TypaX, 4TO IO3BOJIIET IPEIIIONIOKIUTD
IPOTUBOBIUPYCHOE HEJICTBME HE CaMOrO
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«TpuasaBupuHa», a IPOLYKTOB €TO IIPEB-
paujennit B oprannsme. OgHUM U3 CIIO-
COOOB BBISAB/IEHNS TaKUX MpeBpaIleHN
SIBJISIETCSI IPOTHO3MPOBAHYE BO3MOXKHBIX
IPOJYKTOB MOAV(UKALMIL COeNHEeHWI
Y XUMUYECKNI CUHTE3 MOJIe/Iel.

Vcxonss M3 MOJIEKYNIAPHON CTPYKTY-
Pl coefyiHeHNs la 1 M3y4eHMS XuMUde-
CKUX CBOJCTB HMTpoaszono[5,1-c][1,2,4]
TPUA3MHOB, MOXXHO IIPEATIONIOKUTD pas-
JAVYHBle BapuMaHTbl MeTabomusma [1].
Pemokc-mipeBpalieHus B opranusme: (Ha-
mpasneHys A, B) kak BOCCTaHOBJIEHUe
HUTPOIPYIIIBI 1IOf, JefiCTBMEM pemyKTas3
(HampaBrnieHVe A); OKUCTIEHUE alKVITH-
odparmeHTa MOJ [ENCTBMEM OKCHU/A3
(nampaBneHre B) u ero panmpHeiive
IpeBpallleHys. YuacTue Tpancdepas npu
meiicTBuu N- U S-HYK/IeOQWUIOB, TaKUX,
HaIpuMep, KaK JIM3MH, apTUHUH, IVCTe-
UH CIIOCOOHO TPUBOANTH K 3aMeIleHNI0

Pesynbtathl  06cyxaeHue

PaccmarpuBasi BO3MOXXHOCTb OKMCTIe-
HVsI aNKWITHOTPYNII TP MCIO/IB30Ba-
Hun «TpmasaBupmHa®» ¥ €ro aHAIOroB,
HY>)KHO OTMETHUTD, YTO HpPM OOJBLINHCT-
Be BUPYCHBIX MHGEKINIT y>Ke Ha paHHeit
CTafuy TpoLecca IPOUCKORUT YCUIeHMe
reHEePUPOBAHMs AaKTUBHBIX (GOPM  Ki-
cmopona [3]. Vicxomst u3 M3I0)KEHHOTO
€CTECTBEHHO TPENNOIOKUTD, YTO B 9TUX
YCTIOBMAX MOTYT IIPOMCXORUTD peaKLyn
OKJCTIeHMsI S-MeTmnbHOM rpymnbl «Tpu-
a3aBUPUHA», CBOICTBEHHbIE, HAIpPUMeEp,
mist  SH-comepkaieit  aMUHOKWUCTOTBI
MeTHOHIHA IPU OKVMCITUTETBHOM CTPecCe.

B HacrosimieM cooOIiieHNM TMPUBO-
IOATCA MaHHBIE O IIOCTAHOBKE MOJIENb-

AJIKMITMO- WV HUTPOTPYII (HaIpasiie-
uu#a C, D).

Tuppomutiyeckne QepMeHThI TaKKe
BIIOJIHE CIIOCOOHBI 00YC/IOBNMBAThH IPEB-
pamennsa «TpuasaBupuHa®», COIPOBO-
KJTAIOIIVeCs JIeCTPYKIVell TPUasHOBOTO
nyKna ¢ paspeiBoM cBAsu C-N (Hampas-
nenre E). Bo3MOXXHO U anKmimpoBaHme
10 aToMy asora (HampasneHue F).

Yro KacaeTcs pefoKC-IIpeBpaleHui
«TpuasaBuprHa», TO paHee HaMU OBLIO
YCTAQHOBJIEHO, YTO IIPY BHYTPIDKETYHOY-
HOM BeJleHIM TabOPaTOPHBIM KVBOTHBIM
cyOCTaHIMM —IIpelapaTa IIPOUCXORUT
BOCCTaHOBJIEHJe HUTPOIPYIIEL ¢ 0Opa-
30BaHNEM — 2-MeTUITHO-6-aMUHO-1,2,4-
tpuasono([5,1-c][1,2,4]Tpnasun-7-oxa
[2], He HpOABIAOIIETO HPOTMBOBUPYC-
HOTO JIeVICTBUA B 9KCIIEPUMEHTAX in Vitro
U, CKOpee BCeTo, He SAB/IAIIEerocs JAeicT-
BYIOLIMIM MEeTa0bOITOM.

HBIX O9KCIIEPMMEHTOB C IIpemapaToM
«TpraszaBupyH» — M3y4eHME OKVICICHMA
S-MeTWIBHON TpPYyHNIBl U IOBEJEeHUA
IPOAYKTOB OKMCIEHUA IIOf, JeiCTBUEM
S-uykneodunos. Taxoit MOFXOR MO3BO-
JIsIeT, C OJHOI CTOPOHBI, IPeNCKa3aTh
TeyeHNe XMMUYECKUX PpeaklMil, COIyT-
CTBYIOIIVX IOBEJEHMIO IIperapara B Op-
raHyusMe, a C APYroil CTOPOHBI, ITyTeM
CHMHTE3a COOTBETCTBYIOLINX COENVMHEHMI
CMOJIETMPOBATh MPOIlECC 0Opa3oBaHUs
KOBaJIeHTHBIX CBs3eil a3ono[5,1-c]-1,2,4-
TPMA3UHOB C S-pparMeHTaMM KITI0UeBBbIX
0e/IKOB KaK KJIeTK, TaK U BUpyca.

Pepokc-npeBpauieHns «TpuasaBupuHa» u ero nNpou3BOAHbIX

HepBbIM ACIIEKTOM pa60TbI CTa/l CH-
Te3 MOJIe/IbHBIX COeIMHEHNI — OKICIeHle

CyIb(TrUPUIBHOI TPYIIBI B MOJIEKY/IaX
HaTPUEBBIX  CONMEN  2-aJIKUITUO-6-HU-
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Tpo-1,2,4-tpuasono([5,1-c]-1,2,4-tpu-
asyMH-7-oHOB la-d wmiM COmpsDKEHHBIX
¢ uumu N-H kucnot 2a-d, Bkaovarmlee
00pa3oBaHMe TeTepPOLNKINYECKUX CY/Ib-
¢doxcupos 3a-d n cynpdonos 4a-d. Ilpu
obpaboTke coemmHenuit la-d wim 2a-d
9KBUMOJIAPHBIM Komm4ecTBoM 18 %-ro
HEepOKCHJa BOROPOJa B TPUPTOPYKCY-
CHOJT KVIC/IOTe TIONTY4€HbI CYIb(POKCUIOBI
3a-d (cxema 1).

(o] (o]
N NO, 18% Ho05 o ~ )I\/NO
RS—(’N J;%/ ( equlv} R- §_<,N* 2

a 3a-d H

®
H||Na
o]
30% HzOz
N e
AR

2a-d 4a-d
R = CHj (@), C;Hs (b), n-C3Hz (€), i-C3Hy7 (d)

Cxema 1

IlanbHeillliee OKMCIEHNE 10 COOTBET-
CTBYIOIUX Cynb(OHOB 4a-d ¢ BbIXxOmaMM
62-71 % OCYIIECTBIEHO IIOCTENEHHBIM
npnbaBneHneM u30bITKa 2,2 9KBUBA-
nenta 30 % H,O, k cycnensun 2-anku-
tio-1,2,4-tpuasono[5,1-c]TpuasuHos
la-d B TpudTOPYKCYCHOI KMUCIOTE IIpK
KOMHATHOII TeMIleparype.

[TpencraBieHHble peakuuyu  Mofe-
TUPYIOT BO3MOXKHBIe MeTabommIecKue
npeBpautenusi «TpuasaBupuHa» u ero
IIPOU3BOMHBIX 0] IeVICTBIEM aKTVBHBIX
dopm kucnopoza, Bxmoyas H,O,.

HykneodunbHoe 3amemieHue MeTHI-
cynb¢oHMIBHOI Ipynnbl. VI3BecTHO, YTO
IKMICYNb(OHMIbHBIE (ParMeHThl BOC-
OPUMMYMBBL K pPeaKuMsIM 3aMelleHIsT
IpY B3aMMOJENICTBUY C HYK/IeoduiaMu
[4]. YTo xacaercsi mOBemeHMsT HUTPOT-
pynnsl B «TpuasaBupune», TO XOpOLIO
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U3BECTHA CKIOHHOCTh NO,-Tpynmbl, cBA-
3aHHOI C apoMaTuyecKuM (reTepoapo-
MaTH4ecK/M) IMK/IOM K 3aMell[eHMIO IO
mevicTBUeM HyK1eopuos [5].

TakuMm 06pasoM, B CTPYKType 2-ai-
kunacynbdonnn-1,2,4-rpuasomno-[5,1-
c]-1,2,4-rpnasun-7-onos 4a-d mpucyr-
CTBYIOT [Be TPYIIIMPOBKM, CKJIOHHbIE
K HyKJIeOo(QWIPHOMY BBITECHEHMIO. OTa
CUTyalus TIpefCTaB/sAeT MHTepec [id
UCCIIelOBaHNs CPaBHMUTEIbHON peaKIy-
OHHOII ~CHOCOOHOCTM  JIETKOYXOFAIINX
rpynn — CH3SOZ- B 1,2,4-TpnasonpHoM
n NOZ- B 1,2,4-Tpra3sMHOBOM LMKJIAX
B coeuHeHMAX 4a-d, a Takxe KakK Mo-
menb ToBefeHus «TpmasaBupuHa» B Op-
raHusMe. B KkadecTBe HyKIeO(pMIBHBIX
peareHTOB B HacTosell pabore ¥c-
[I0/Ib30Ba/IUCh S-HYK/Ieo(IIbl (LUCTEeVH
U LJCTeAaMMH), KOTOpble MOXKHO paccMa-
TpUBATh KaK MOfieNN pparMeHToB 6eKoB,
COfleprKalUX [[ICTEVHOBDIN (ParMeHT.

3amelnienne Cynb(QOHMIBHOIO Qpar-
MeHTa B  2-Metwicynb¢oHmI-1,2,4-
Tpuasono[5,1-c]-1,2,4-Tpuasune 4a mop
HeVicTBUEM KaK IJMCTEeMHA, TaK U IVCTe-
aMMHa TIPOMCXOAUT IPU KUAIAYEHUN
B CyXOM METAaHOJIe B IPUCYTCTBUM TPU-
3TWIAMMHA B TeYeHVe HeCKOJIbKUX JHell
c obOpasoBaHUeM COefuMHEHUr 5 n 6 -
IIPOAYKTOB 3aMeIleHNs MeTUICYIb(o-
HIUIBHON TPYIIBI C Bbixomamu 41-46 %
(cxema 2).

Hannbsle AMP, MK-cnexrpockonun
U 37IEMEHTHOTO aHaJIN3a [ COeHEeHNI

_>~CO0H N, 9
HoN f“w)k"/"go2

s— |

o NJ\S,N
/N\N)H/NOQ (CHskNH 5

H,C- §—< J\N‘N s N% °
A N, (O NO,

da _.2 s—(/ N |

Nakg,N
]

Cxema 2
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5, 6 COOTBETCTBYIOT IPUINCHIBAEMbIM
CTPYKTYpaM.

OmnucanHoe 3aMelleHNe anKUICY/Ib-
(OHMIbHON TPyHIBl B cOefyHeHUM 4a

JKcnepuMeHTaNbHasA 4acTb

Cnekrpsl AIMP 'H u “C nonydens
Ha mpubope Bruker DRX-400 (400 MIig
mig 'H u 100 MI gna BC) 8 IMCO-
d, u D,0, xummudeckue CuOBUTU TIpUBe-
IeHbl B O-IIKaze OTHOCUTENBHO BHY-
TPEHHEero CTaHAapTa s ciekTpoB 1H
AMP - TMC. OnemenTubie a"Hanussl (C,
H, N) 6putn mpoBeneHbl Ha aHANIKM3aToO-
pe «Perkin Elmer 2400-I1 CHNS/O». MIK
criekTpnl (4000-400 cM™') mHONTy4YeHHBIX
COeIMHEHMI 3aIMICAaHbl Ha CIEKTPOMeTpe
«Perkin Elmer Spectrum One B FTIR»
B TOHKOM cyoe obpasia (DRA). Konrp-
OJIb 32 XO[JOM PeaKLMil ¥ IMCTOTON CHUH-
Te3V[POBAHHBIX COEVHEHMII OCYIeCTB-
asmn ¢ nomoibo TCX Ha maacTMHKaAxX
Sorbfil (pupma 3A0 «Copbmonumep»)
B CMCTeMaxX STHIALeTaT 1 6yTaHOI-YKCY-
CHas KucmoTa-Bopa 4:1:1.

O6mass Metopmka 1 momyyeHus
2-anKuacyrbpuHuI-6-auTpo-1,2,4-
Tpuasono(5,1-c]-1,2,4-TpuasuH-7-0HOB
(3a-d). K cycnensun 0,01 mMonp HaTpu-
€BOJl CcOomM 2-anKuiTuo-6-HuTpo-1,2,4-
tpuasono[5,1-c]1,2,4-Tpnasun-7-ona (1)
B 10 M1 TpUTOPYKCYCHOI KUCTIOTBI IPK
nepeMeniBaHuu job6apsiior 1,78 M
(1 axB) 18 %-it mepexucu Bogopopna. Pe-
aKIVIOHHYI0 MacCy IepeMeIlMBaloT IIpu
KOMHATHOJI TeMIlepaType TpU 4aca, oca-
IOK OT(UIBTPOBBIBAIOT ¥ KPUCTA/IIUSY-
0T U3 U30-TIPOIIaHOA.

2-MetuncynbGuuuin-6-unurpo-1,2,4-
tpuasono[5,1-c]1,2,4-rpuasun-7-on  (3a)
ObLT moNydeH U3 coemuHeHys la ¢ uc-
[I0/Ib30BaHMEM 00611elT METOIMKY 1 B Bujie
0eXeBBIX KPUCTA/UIOB, BbIxoA 70 %, mp

AB/IAETCS apryMeHTaMIU B IOJIb3y Ipef-
MOTIO>KEHNSI O BO3MOXKHOM y4YacTUH 3TO-
ro ¢parmMeHTa B MeTabOMMYECKUX HPEB-
pamennsix « TprasaBupuHar.

256 °C, 'H NMR (DMSO-d,, 400 MHz):
9,84 (1H, yurc., NH), 3,05 (3H, ¢, CH3);
“C NMR (DMSO-d,, 100 MHz): 169,09
(C),157,32(C,)), 144,05 (C)), 143,57 (C)),
25,58 (CH,SO); IR (v/sm™): 1750 (C=0);
1036 (-SO-); 1553,1340 (NO,); DnemenT.
anamms C.H,N O,S, Boruncneno %: C -
24,59, H - 1,65, N — 34,42, Haigeno, %:
C-24,62,H- 1,43, N - 34,28.
2-9tuncynbuHun-6-uutpo-1,2,4-
tpuasono(5,1-c]1,2,4-rpuasun-7-on  (3b)
Obin monmydeH u3 coemuHeHus 1b ¢ uc-
[10/Ib30BaHMeM 0011ell METOAUKM 1 B Bijie
Oe>KeBBIX KPUCTA/IOB, BBIXOL 74 %, mp
227 °C, 'H NMR (DMSO-d,, 400 MHz):
11,16 (1H, yurc., NH), 3,36-3,16 (2H, m,
CH,), 1,24 3H, 1,/ = 7,4, CH,); 13C NMR
(DMSO-d,, 100 MHz): 168,34 (C,), 157,58
(C,), 144,36 (C), 143,87 (C,), 46,64
(CH,SO), 6,15 (CH,); IR (v/sm™): 1748
(C =0); 1022 (-SO-); 1552, 1336 (NO,);
JJIeMeHT aHaIus3 C6H6N6O4S, BbIYVICIIE-
HO %: C - 27,91, H - 2,34, N - 32,55, Haii-
neHo, %: C - 27,87, H - 2,27, N - 32,31.
2-IIponmuncynbuuun-6-autpo-1,2,4-
tpuasono(5,1-c]1,2,4-rpuasun-7-on  (3c)
OBIT TONydYeH U3 CoeduMHeHus lc ¢ uc-
[10/Ib30BaHMeM 0011ell METOAUKM 1 B Bijie
Oe>XeBBIX KPUCTA/IOB, BBIXOL 72 %, mp
222 °C, 'H NMR (DMSO-d,, 400 MHz):
8,41 (1H, yurc., NH), 3,29-3,18 (2H, M,
SOCH,), 1,78-1,55 (2H, M, CH,), 1,01
(3H, 1, ] = 7,4, CH,); »C NMR (DMSO-
d, 100 MHz): 168,19 (C,), 157,87 (C,),
144,19 (C)), 143,46 (C)), 54,15 (CH,SO),
15,21 (CH,), 12,94 (CH,); IR (v/sm™):
1748 (C =0); 1013 (-SO"); 1556, 1336
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(NO,); OnemenTnbpiit ananus CHN O,S,
Bbruncierno %: C - 30,88, H - 2,96, N -
30,87, Haigeno, %: C - 30,82, H - 3,12,
N - 30,77.

2-uso-llponuncynbpuuun-6-uu-
tpo-1,2,4-Tpuasomno[5,1-c]-1,2,4-Tpua-
3uH-7-0H (3d) ObUT moONydYeH U3 coemm-
Henusa 1d ¢ wucnonb3oBaHMeM oO1Lei
MeTOMKM 1 B Bujie O€XeBBIX KpPUCTA-
7n0B, BBIXOT, 77 %, mp 239 °C, 'H NMR
(DMSO-d,, 400 MHz): 7,60 (1H, ym.c.,
NH), 3,49-3,38 (1H, m, CH), 1,27 (6H, m,
J = 6,8, 2CH,); C NMR (DMSO-d, 100
MHz): 167,79 (C)), 157,42 (C,), 144,33
(C,), 143,86 (C,), 53,07 (CHSO), 15,92
(CH,), 14,59 (CH,) IR (v/sm™): 1752
(C=0); 992 (-S0O-); 1555, 1342 (NO);
J7IeMeHTHBII aHanIus C7H8N6O4S, BbIYJI-
cneno %: C - 30,88, H - 2,96, N - 30,87,
HaiimeHo, %: C - 31,07, H - 2,95, N -
30,89.

O6mast MeTomMKa 2 TIOMYyYeHUs
2-ankuncynb¢poHun-6-HuTpo-1,2,4-
Tpuasono|5,1-c]-1,2,4-TpuasuH-7-0HOB
(4a-d). K cycnensun 0,01 monp HaTpu-
€BOJl COMM 2-anKWITUO-6-HUTpO-1,2,4-
tpuasono[5,1-c]-1,2,4-Tpnasun-7-oxHa
(1) B 14 M TpUPTOPYKCYCHOM KICIOTBI
Ipy IepeMelIMBaHUU 10 KaIULsIM JO-
6apmsaior 4 M (2 9kB) 30 % mepexucn
BOJOpOZA TaK, 4TOObI TeMmepaTrypa He
npesbimnana 80 °C. [lanee peaklMOHHYIO
MacCy HepeMelVBaIOT IIPY KOMHATHOI
TeMIlepaType elle TPM 4Yaca, OCaJoK OT-
(GUIBTPOBBIBAIOT M KPUCTA/IM3YIOT U3
M30-IIPOIIAHOIA.

2-Metuncynb¢poHun-6-uurpo-1,2,4-
tpuasono[5,1-c]-1,2,4-tpuasun-7-o4
(4a) Opin momydeH u3 coemuHeHMsa la
C MCIOTb30BaHMEM OOIell MeTONUKM
2 B Buje OeXeBbIX KPUCTAIOB, BBIXOJ
66 %, mp 275 °C, 'H NMR (DMSO-d,,
400 MHz): 7,57 (1H, yu.c., NH), 3,41 (3H,
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¢, CH,); "C NMR (DMSO-d,, 100 MHz):
163,86 (C), 15841 (C,), 144,69 (C),
143,64 (C), 41,84 (CH3S02); IR
(v/sm™): 1759 (C=0); 1347, 1138
(-S0O,); 1570, 1323 (NO,); SnemeHTHbI
aHann3 C5H4N6OSS, BbruncieHo %: C -
23,08, H - 1,55, N - 32,30, Haipgeno, %:
C-2321,H-1,31,N - 32,33.
2-9tuncynb$poHun-6-uurpo-1,2,4-
tpuasonol5,1-c]-1,2,4-tpuasus-7-ou (4b)
Obn monydeH u3 coemyuHeHus 1b ¢ uc-
IIO/Ib30BaHMEM 0011eil METOIVIKY 2 B BIJIE
Oe>XeBBIX KPUCTAIOB, BBIXOR 64 %, mp
259 °C, '"H NMR (DMSO-d,, 400 MHz):
9,71 (1H, ym.c., NH), 3,52 (2H, 8., ] =
7,4, CH), 1,33 (3H, 1, ] = 7,4, CH,); 13C
NMR (DMSO-d, 100 MHz): 162,82
(C,), 158,93 (C,), 145,06 (C,), 144,02
(C,), 48,54 (CH,SO,), 7,25 (CH,); IR (v/
sm): 1759 (C=0); 1311, 1140 (-SO2-);
1557, 1332 (NO,); OneMeHTHbIN aHanu3
C6H6NGO5S, Bbrunciero %: C - 26,28, H -
2,21, N - 30,65, »angeHo, %: C - 26,44,
H-2,20, N - 30,43.
2-Ilponuncynbponnn-6-autpo-1,2,4-
tpuaszono[5,1-c]-1,2,4-Tpuasun-7-oH
(4c) 6pU1 MoNMyuyeH M3 coenvHeHMsA lc
C MCIO/Ib30BaHMEM OOIIENl MeTONMKM
2 B Buje GeXeBbIX KPUCTA/UIOB, BBIXOJ
71 %, mp 264 °C, 'H NMR (DMSO-d,,
400 MHz): 11,98 (1H, yurc., NH), 3,53
(2H,1,] = 7,6, SO,CH.), 1,76-1,67 2H, m,
CH,), 0,98 (3H, 1,] = 7,4, CH,); "C NMR
(DMSO-d,, 100 MHz): 163,22 (C,), 158,44
(C,), 14491 (C), 143,99 (C), 55,35
(CH,SO)), 16,20 (CH,), 12,94 (CH,); IR
(v/sm™): 1748 (C=0); 1293, 1139 (-SO,);
1556, 1326 (NO,); dneMeHTHbIN aHa/NU3
C7H8NGO5S, Bbrunciero %: C - 29,17, H -
2,80, N - 29,16, nangeno, %: C - 29,01,
H -2,88, N - 29,24.
2-uso-MlponuncynbpuHUI-6-HM-
tpo-1,2,4-tpuasono(5,1-c]-1,2,4-Tpua-
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3uH-7-0H (4d) ObUT TONydYeH M3 Coenu-
HeHua 1d ¢ wucnonb3oBaHMeM o0O01Lei
MeTONVKM 3 B Bufie GEXEBBIX KPUCTAN-
70B, BBIXO7 62 %, mp 282 °C, 'H NMR
(DMSO-d,, 400 MHz): 8,27 (1H, ymc.,
NH), 3,73-3,63 (1H, m, CH), 1,35 (6H, g,
J = 6,8, 2CH,); "C NMR (DMSO-d,, 100
MHz): 161,91 (C)), 158,80 (C,), 144,98
(C,), 144,02 (C,), 54,30 (CHSO,), 15,02
(2CH,); IR (v/sm™): 1749 (C=0); 1311,
1135 (-80,-); 1556, 1326 (NO,); Snemen-
THDBIVI aHAIN3 C7H8NGO5S, BbIYMCIEHO %:
C - 29,17, H - 2,80, N - 29.16, naiige-
HO, %: C - 29,11, H - 2,69, N - 29,00.
O6mas Meroguka 3 HyKIeo(wib-
HOTO 3aMellleHHsA B 2-MeTWICYynbdo-
HUI-6-HUTpO-1,2,4-TpHasono(5,1-c]-
1,2,4-TpnasuH-7-oHe. K cycrensun 0,001
MoJIb UucTenHa (uay mucreammua) B 20
MJI METaHOJIA IPUOABISIIOT TPUITUTAMIH
U TlepeMelNBalT B aTMocdepe apro-
Ha B TedyeHUe IATM MMHYT, 3aTeM B pe-
aKIVIOHHYI0 MacCy BHOCAT SKBUBAJIEHT
2-anKuaCcynb(OHUI-TPUA30I0TpHUa3UHA
u kunATAT. OKOHYaHUe peakluu olpe-
memsior 1o TCX B cucreme 6yTaHONM-YK-
CycHasd Kucnora-soga 4:1:1, mocme 4ero
PeaKLMOHHYIO MacCy yIapuBaioT JOCyXa.
[Tory4eHHDIT OCaflOK NPOMBIBAIOT M30-
MPOIIOBBIM CHMPTOM ¥ OYMINAIOT OT
TIpUMecCeIn.
TpuasTunaMMoHMEBYIO
(2'-aMmuHO-2'-KapOOKCUITUNTHO)-6-HU-
tpo-1,2,4-rpuasono[5,1-c]-1,2,4-Tpua3una
rugpar (5) MONMyYaroT ¢ VICHO/NIb30BaHVeM

COTb

o011ieil METORMKN 3 1 3 9KB. TPUAITUIIA-
MyHa. [TpofyKT KpucTammusyoT us Boj-
HOTO 9TaHO/A B BUJE SIPKO-)XKEITBIX KPU-
CTaJI/IOB, BBIXOZ 46 %, mp 158 °C, 'H NMR
(D,0, 400 MHz): 4,27 (1H, an, J = 7.5,
3,8, CHN), 3,98 (1H, m1, ] = 15,2, 3,8, H,
B SCH)), 3,66 (1H, mm, J = 15,2, 7,5, H,
B SCH,), 3,21 (6H, ks., / = 7,28, 3CH)),
1,29 (9H, 1, J = 7,28, 3CH,); 13C NMR
(D,0, 100 MHz): 172,02 (COO"), 166,09
(C,), 159,16 (C, ), 144,55 (C), 143,06 (C,),
54,47 (CHN), 46,71 (3CH,), 31,67 (SCH.),
827 (3CH,); IR (v/sm™): 1682, 1615
(C=0); 1504, 1361 (NO,); OnemeHTHbBII
aHanmu3 C13H22N8055 X HZO, BBIYYICIIE-
o %: C - 37,10, H - 5,71, N - 26,63, Hait-
neHo, %: C - 36,96, H - 5,56, N - 26,72.
2-(2'-AMMHO-3TUNTHO)-6-HUTPO-1,2,4-
Tpuasonol5,1-c]-1,2,4-Tpuasux TUApPAT
(6) momy4aoT ¢ MCIOIb30OBaHMEM O01LIIel
METOAUKU 3 M 2 5KB. TpUAITUIAMMHA.
[IponyKT KpMCTa//IM3YIOT 13 BOJHOTO
MeTaHONA B BUJE SPKO-KENTBIX KpU-
cTanos, Bbixon 41%, mp 285 °C, 1H
NMR (D,0O, 400 MHz): 3,58 (2H, t, ] =
7,03, NCH,), 3,49 (2H, T, ] = 7,03, SCH,);
13C NMR (DMSO-d,, 100 MHz): 163,95
(C,), 160,12 (C, ), 144,77 (C)), 142,94 (C)),
38,69 (CH N), 27,87 (SCH,); IR (v/sm™):
1690 (C=0); 1514, 1371 (NO)); 3521
(broadened) (-NH,"); OnemenTHblIit aHa-
m3 CH.N.O,S x H O, Bbrancneno %: C -
26,18, H - 3,27, N - 35,64, Haigeuno, %:
C-2591,H -2,98, N - 35,57.

1. Rusinov V. L., Ulomskii E.N., Chupakhin O.N., Charushin V.N. Azolo[5,1-c]-1,2,4-tri-
azines as a new class of antiviral compounds. Russ. Chem. Bull., Int. Ed. 2008, 57(5):
985-1014. DOI: 10.1007/s11172-008-0130-8.

2. Karpenko I, Deev S., Kiselev O., Charushin V., Rusinov V., Ulomsky E., Deeva E., Yan-
varev D,, Ivanov A., Smirnova O., Kochetkov S., Chupakhin O., Kukhanova M. Antiviral
properties, metabolism, and pharmacokinetics of a novel azolo-1,2,4-triazine-derived

245



Ne 3| 2015 Mepgepesa H. P., CanoxHukosa W. C.,
Chimica Techno Acta Pycunos B. J1., Ynomckuii E. H.

inhibitor of influenza A and B virus replication. Antimicrobial Agents and Chemotherapy.
2010, 54(5): 2017-2022. DOI: 10.1128/AAC.01186-09.

3. Denicola A., Radi R. Peroxynitrite and drug-dependent toxicity. Toxicology. 2005, 208(2):
273-288. DOI: 10.1016/j.tox.2004.11.023.

4. Liu J., Dang Q., Wei Z., Zhang H., Bai X. Parallel solution-phase synthesis of a 2,6,8,9-te-
trasubstituted purine library via a sulfur intermediate. J. of Combinatorial Chemistry.
2005, 7(4): 627-636. DOI: 10.1021/cc049819p

5. Rusinov V.L., Ulomskii E.N., Chupakhin O.N., Petrov A. Yu., Sharonov E.A. Ni-
troazines. 9. Characteristic features of nucleophilic substitution of the nitro group in
dihydroazolo[5,1-c] [1,2,4]triazines. Chemistry of Heterocyclic Compounds. 1989, 25(2):
209-213. DOI: 10.1007/BF00479921.

246



DOI: 10.15826/chimtech.2015.2.3.026

A. V. Melnikova, F. P. Figilyantov, A. B. Shein

Perm State University, Russia, 614990, Perm,
Bukireva str., 15
E-mail: ashein@psu.ru

Investigation of industrial compositions
SONKOR as corrosion inhibitors of mild steel in
neutral media containing hydrogen sulfide

Electrochemical and corrosion behavior of mild steel in neutral media containing

hydrogen sulfide has been investigated by weight-loss and electrochemical methods
and protective effect of industrial compositions SONKOR has been determined. It has
been shown that in 3 % NaCl compositions SONKOR have weak protective effect but it
increases greatly in presence of hydrogen sulfide in the solution. At concentration of
H,S = 0,6 gram per liter maximal protective effect has SONKOR 9801 (85.57 %) and
SONKOR 9920A (81.97 %). Inhibitors SONKOR 9021C (70.82 %), 9510A (73.11 %)
19701 (67.87 %) show less protective effect.
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Introduction

The corrosion of metals causes a
great harm to many industries, primarily
to the enterprises of oil and gas produc-
tion and petroleum refining. This is due
to the aggressive properties of corrosive
environments in oil, which are caused by
the presence of mineralized water, hydro-
gen sulfide and sulphate-reducing bac-
teria, and carbon dioxide. Some of the
most economical and efficient methods of
metal protection methods are associated
with the use of corrosion inhibitors [1].
Inhibitors in these industries are applied
at all stages of processing, transportation

of oil, gas and petrochemicals. Protection
of metals from corrosion inhibitors based
on the property of some individual chem-
ical compounds or their mixtures when
introduced in low concentrations in the
corrosive environment to reduce the rate
of corrosion of the process or completely
suppress it.

The aim of this work was to study the
effectiveness of a range of industrial com-
positions series SONKOR as inhibitors of
the corrosion of S31600 steel in neutral
hydrogen sulfide-containing
ments.

environ-
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Experimental technique

The studies of inhibitors was carried
out by the gravimetric and electrochemi-
cal methods. The gravimetric method is to
determine the corrosion rate by the mass
loss of the samples. The electrochemical
method consists in removing the polari-
zation curves using a potentiostat-galva-
nostat with built in frequency analyzer
Solartron 128 °C (Solartron Analytical),
the calculation coeflicients, which deter-
mine the mechanism of action of corro-
sion inhibitors of tested metal, as well as
in determining the corrosion rate of metal
by extrapolation plots of the polarization
curve at the corrosion potential of E_ .
The chemical compounds were studied
in the work as inhibitors of the industrial

Results and discussions

The results of gravimetric determina-
tion of corrosion rate of mild steel S31600
in 3 % NaCl and the impact of hydrogen
sulfide and the studied inhibitors SON-
KOR are shown in table 1. It is seen that
in the absence of hydrogen sulfide inhibi-
tors have a weak protective effect (Z), and
SONKOR 9701 and does not have any ef-
fect. The introduction of hydrogen sulfide
into a solution of 3 % NaCl significantly
increases the corrosion rate of steel (0.149
g/(m*h) to 0.578 g/(m>h)) at H,S concen-
tration of 0.4 g/l and up to 0.747 g/(m*h)
at H,S concentration of 0.6 g/L. The pro-
tective effect of inhibitors also significant-
ly increased in the presence of hydrogen
sulfide and the increase of its concentra-
tion in solution. Among the investigated
compositions proved to be most effec-
tive composition SONKOR 9801 and
SONKOR A, a protective effect which in-
creased to 85.57 and 81.97 %, respectively.
The average protective effect (Z <75 %)
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composition of domestic production se-
ries SONKOR (company “Neftehim”, Ufa).
The gravimetric method was studied the
protective action of inhibitors at concen-
trations: 0.025; 0.050; 0.100; 0.200 g/1. In
the electrochemical studies was chosen as
the optimal concentration of the inhibitor
is 0.100 g/L.

The experiment was carried out in 3 %
NaCl solution, and, when introduced into
a solution of various concentrations of
H,S (0.1; 0.2; 0.4; 0.6 g/1). The working so-
lutions were prepared with distilled water.
A hydrogen sulfide is received directly in
the working solution by introducing ap-
propriate quantities of Na,S and HCL

were showed by the inhibitors SONKOR
9021C, 9510A and 9701.

The protective effect of inhibitors of
SONKOR markedly increased in a neutral
environment in the presence of hydro-
gen sulfide, which in itself is a powerful
stimulant corrosion. This is probably due
to the synergistic action of the inhibitors
and the hydrogen sulfide. It is known that
organic amendments enter into a chemi-
cal reaction with hydrogen sulfide, form-
ing on the steel surface protective film of
insoluble or sparingly soluble compounds.
There is a joint effect of the inhibitor and
the shielding layer of corrosion products
on the development of the corrosion pro-
cess.

The results of the study of protective
action of the inhibitors SONKOR method
of polarization curves presented in tables
2-4. The polarization curves is widely
used in corrosion the for the study of cor-
rosion inhibitors because it allows you to
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calculate the corrosion rate cor in units
of current density, to determine a slopes
of the polarization curves b, and b, the
corrosion potential of E_, and also to
determine what type of inhibitor is part
of the test substance: which of the partial
electrode reactions (release of hydrogen,
the ionization of oxygen or ionization of
metal) mainly slows down the inhibitor.
The results showed that inhibitors of
SONKOR 9510A and 9021C increase the
polarizability of the anode process, there-
fore they can be classified as anodic type
inhibitors. The CONCOR 9701, 9801 and
9920A inhibitors are mixed type of one.
Introduction to the NaCl solution of
hydrogen sulfide leads to a parallel shift

of the polarization curves at higher cur-
rents, which ultimately accelerates the
overall corrosion of the S31600 steel. The
electrochemical studies were performed
in solutions containing 0.6 g/l of H.S,
because the concentration of hydrogen
sulfide is most strongly accelerated corro-
sion of steel. In inhibited H,S-containing
solutions catigny and anodic currents
decreased markedly, which confirmed
the results of gravimetric test the higher
efficiency of the inhibitors SONKOR in
the presence of hydrogen sulfide. The
discrepancy between the values of the
protective action of inhibitors in gravi-
metric (Zgr) and electrochemical methods
(Z,,) is due to the fact that in the weight

Table 1
The corrosion of steel and the protective action
of inhibitors SONKOR (0.1 g/l) in 3 % NaCl + H,S
3%NaCl+H.S
3 % NaCl 2
The inhibitor 0.2g/LHS 0.4g/LHS 0.6g/LH,S
g/rIrf;-h Z, % g/nI:;-h Z, % g/nlfg-h Z, % g/rIrf;-h Z, %
Not 0.150 - 0.368 - 0.578 - 0.748 -
SONKOR 9021C 0.123 18.03 0.186 49.33 0.201 65.25 0.218 70.82
SONKOR 9510A 0.125 16.39 0.189 | 48.67 | 0.213 | 63.14 | 0.201 73.11
SONKOR 9701 0.152 0 0.150 | 59.33 | 0.189 | 67.37 | 0.240 | 67.87
SONKOR 9801 0.135 9.83 0.120 67.33 0.125 78.39 | 0.108 85.67
SONKOR 9920A 0.125 16.39 0.142 | 61.33 | 0.152 | 73.73 | 0.135 | 81.97
Table 2

The corrosion-electrochemical properties of Steel in 3 % NaCl solution in the
presence of 0.1 g/L inhibitors

Th(eof';hri;’;;‘“ “E_,V | b,mV | b,mV |i ,A/m’| Zip,% | Zelx,%
- 0.545 138 245 | 0105 - -
SONKOR 9021C 0.408 64 263 | 0101 | 1803 | 345
SONKOR 9510A 0413 65 162 | 0088 | 1639 | 1594
SONKOR 9701 0418 76 259 | 0072 0 3158
SONKOR 9801 0432 79 240 | 0069 | 983 | 3426
SONKOR 9920A 0458 76 151 | 0030 | 1639 | 7156
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The corrosion-electrochemical properties of steel in 3 % NaCl solution + H_S feble
(¢=0.1;0.2;0.4; 0.6 g/L)
Concetration of H,S, g/L -E_,V b, mV b, mV i ,A/m?
0 0.545 138 245 0.105
0.1 0.428 89 870 0.304
0.2 0.403 77 384 0.397
0.4 0.397 89 419 1.057
0.6 0.397 111 440 1.371
Table 4

The corrosion-electrochemical properties of steel in 3 % NaCl solution+ H,S (0.6 g/L)
in the presence of 0.1 g/L inhibitors

The inhibitor (0, 1 r/m) -E_,V |b,mV b, mV i ,A/m? er, % Z,,%
- 0.397 111 440 1.371 - -
SONKOR 9021C 0.399 92 369 0.409 70.82 70.16
SONKOR 9510A 0.407 94 465 0.370 73.11 73.00
SONKOR 9701 0.410 92 506 0.334 67.87 75.62
SONKOR 9801 0.412 98 764 0.408 85.57 70.88
SONKOR 9920A 0.383 87 546 0.342 81.97 75.10

measurements to determine the average
corrosion rate over 24 h and during the
electrochemical measurements of the cor-
rosion rate at the moment.

The
sulfide is a very complex and even equilib-
rium can be many reactions to form a va-
riety of compounds. When considering the
mechanism of hydrogen sulfide corrosion,
it should be borne in mind that, depend-
ing on pH in solutions of electrolytes, the
hydrogen sulfide may be present in different
forms at pH < 6 the main part is in the form
of molecular dissolved gas, at pH > 6 in the

system metal- water-hydrogen
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form of SH, in alkaline electrolytes — S*. A
significant effect of pH on the rate of hy-
drogen sulfide corrosion is determined by
kinetic reasons associated with resistance
resulting from corrosion of the films. The
presence of sulfide and hydrosulfide ions
in corrosive environment contributes to a
dramatic stimulation of both partial elec-
trochemical reactions at the steel®.

The presence in a corrosive environment
H,S and O, leads to further destruction of
the metal, possibly because of the reaction
in which the intermediate product H.S, is a
depolarizer which is equal to the oxygen®.
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Conclusion

In the environment ofhydrogen sulfide  inhibit both the partial electrochemical
inhibitors series SONKOR dramatically  process, but more particularly inhibitors
increase its effectiveness in neutral solu- inhibit the cathodic process that occurs
tion. They can be attributed to the class  with a mixed oxygen-hydrogen depolari-
of mixed-type inhibitors, because they zation.

1. Kim Ya. R,, Tsygankova L. E., Kichigin V. 1. Korrozija: materially, zaschita. 2005;8: 30.

2. I. L. Rosenfeld, Ingibitory korrozii, Khimiya, Moscow, 1978. 300 pp. (In Russian).

3. Yashina G. M., Bobov S. S., Smolenskaya E. A. Korrozija i zaschita v neftegaz. promyshl.
1980;8: 24.
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N3yyeHne npoMbILLIEHHBIX KOMMNO3ULUIA Cepum
COHKOP B xauecTtBe MHFMOMTOPOB KOPPO3UM
ManoyrnepoamMcTon Cranm B HeMTpanbHbIX

cepoBoAopoAcoAepKAWMX cpefax

MeTogamu rpaBUMETPUYECKUX WUCTBITAHWIA U NOASPU3ALMOHHBIX U3MEpeHUii
M3Y4YeHO KOPPO3MOHHO-3MIEKTPOXMMUYECKOE MOBEAEHNE  MAsoyrepoanCToN
ctamm mMapku CT. 3 B HEUTPIbHBIX W HEUTPANIbHLIX CEPOBOLOPOLCOAEPXKALLMX
cpefax, UCCnefoBaHo 3alUTHOE AeiiCTBUE Psiaa 0TEYECTBEHHbBIX MHMMOMPYHOLMX
KOMMNO3ULUA B AaHHbIX YCnoBusX. YcTaHoBneHo, 4to B 3 % pactsope NaCl-uHru-
6uTopbI NposABNAT Cnaboe 3awWwmTHOE AeicTBKe, a B NpucyTCTBMM HS B 0CHOB-
HoM obnaganu cpegHuM Z (o 50 %), 3aMeTHO BO3PaCTaloLLMM C YBESIMYEHUEM
KOHLIeHTpaLu1 CepoBOLOPOAA B pacTBope. MakCMManbHbIM 3aLUTHBIM LeACTBM-
em npu koHuieHTpaumum 0,6 r/n H.S B pactBope obnaganm uHrnbutopel COHKOP
9801 (85,57 %) 1 9920A (81,97 %). Uurnburopsl COHKOP 9021C (70,82 %),
9510A (73,11 %) 19701 (67,87 %) obnaganu cpesHUM 3amTHLIM 3chhekToM.

KnioueBble cnoBa: 31eKTPOXUMWS, KOPPO3WNOHHO-3IEKTPOXMMUYECKOE MO-
BegeHve, komnosuuma COHKOP, cynbcua Bogopoaa.

© MenbHukoBa A. B., ®urunbsHtos A. T1., LenH A. b., 2015

Beepenue

Kopposusi  merannos
CUT OTPOMHBIII Bpef, MHOIVM OTPAaCisIM
IPOMBIIIIEHHOCTH, 11 B IIEPBYIO OYepenb
OpennpuATHsIM HedTerasofoObrdy u He-
¢drerasonepepaboTkit. 10 0OBICHSIETCS
arpeccUBHBIMM CBOJICTBaMM KOPPO3MOH-
HBIX Cpej mpy [obblde HedTH, KOTOpbIE
006yCc/IoB/IeHbl Ha/MM4MeM B HUX GOJIBIIOTO
MJHepPa/I130BaHHOI
CepoOBONOPOKA ¥ CyIbhaTpenyLypPyIOLINX
OakTepuii, a TaKXKe [NUOKCHAA YIIEPOAA.
OpHuMy U3 Hanbojee SKOHOMUYHBIX 1 9¢-

HaHO-

KOIN4YeCcTBa BOJIbI,
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CbeKTI/IBHbIX METOJOB 3alIMTbl METAIJIOB
ABIAKTCA METOJbI, CBA3AaHHbIC C MCIIOJIb-
[1].

VHrMOUTOpBI B STMX OTPACIAX IMPOMBIII-

30BaHMEM I/IHI‘I/I61/ITOpOB KOppo3unn

JIEHHOCTH TIPMMEHAIOTCA Ha BCeX CTafiuAX
nepepaboTKY, TPAaHCIOPTUPOBKM HedTH,
rasa 1 IPOAYKTOB HedTeXuMum. 3ammnra
METAJ/IOB OT KOPPO3MM MHTUOMTOpaMu
OCHOBaHa Ha CBOJICTBE HEKOTOPBIX MHU-
BUIYa/IbHBIX ~XMMUYECKMX COeNMHEHNI
WIN MX CMecell IpU BBefIeHNN UX B He3Ha-

YUTENbHBIX KOHIEHTPAUMAX B KOPPO3MOH-
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HYIO Cpefly YMEHBIIUTb CKOPOCTb KOPPO-
3MOHHOTO TIpOLiecCa MM TIOTHOCTBIO €ro
HOfIaBIIATD.

YTo6bI CySUTD O 3aIUTHBIX CBOJICTBAX
TOTO V/IY IHOTO MHTMOUTOPa, HeOOXORUM
KOMIUIEKCHBIV TIOfIXOfl K M3YyY€HUIO €ro

MeTtoguka axkcnepMMeHTa

ViccnenoBanyss MHIMOUTOPOB IIPOBO-
IVIM TPAaBUMETPUYECKUM U 3/I€KTPOXM-
MU4ecKuM Merojamu. IpaBumerpuue-
CKIII METOJ, 3aK/II0YaeTCsA B ONpeeNIeHNN
CKOPOCTM KOPpO3MHM IO YOBUIM Macchl
00pasloB. DNIEKTPOXMMUYECKUIT MeTO
3aK/I0YaeTCA B CHATUM IIO/IAPU3ALIVIOH-
HBIX KPMBBIX C IIOMOIIBIO IIOTEHLIMOCTA-
Ta-TajbBaHOCTaTa C BCTPOEHHBIM 4Ya-
CTOTHBIM aHanm3aTopoM Solartron 1280C
(Solartron Analytical), pacyere Taderne-
BBIX K09(p(PUIIVIEHTOB, 110 KOTOPBIM OIIpe-
[e/SI0T MEXaHM3M [elCTBUsA MHIMOUTO-
POB KOppO3MM HCCIEyeMOrO METaslIa,
a TaKXXe B OIpPENENeHNN CKOPOCTU KOp-
posum MeTajiaa IyTeM SKCTPANOIALN
TadeneBbIx yIacTKOB IOJISIPYU3ALMOHHON
KpMBOJl Ha TOTeHIMan Kopposunm Exop.
XUMMYecKre COeIMHEHMs, WCCIENOBaH-

Pe3synbTtathbl u ux 06cyxaeHne

Pe3ynpraTel IpaBUMeTpPUYECKOTO OII-
penenenna ckopoctu kopposunm Cr. 3
B 3% NaCl n BrmuaHNuA Ha Hee cepoBO-
JOpofia ¥ MCCIeAyeMbIX MHIMOMTOPOB
COHKOP mpusenensr B Tabmuue 1. Bup-
HO, 4TO B OTCYTCTBUM CEPOBOJOPOAA MH-
rMOUTOPBL 06/IAKAIOT C/TAOBIM 3AIUTHBIM
penicreuem (Z), a COHKOP 9701 u Bo-
Bce He obOmajaetr HuKakuM 3¢deKTom.
Beenenne cepoBopopona B pactBop 3 %
NaCl cymecTBeHHO yBenMuYMBaeT CKO-
poctb Kopposum cramu (¢ 0,149 r/m*u
no 0,578 r/m*y mpu KoHuenTparuu H,S
0,4 r/n n mo 0,747 r/M*4 mpuU KOHILeH-

cporictB. Llenp maHHOM paboThl — MCCIe-
nosaHue 9pPeKTUBHOCTI AeICTBUA pAfia
IPOMBIIIJIEHHbIX KOMIIO3MIIMII ~ CE€pUK
COHKOP B xayecTBe MHTMOUTOPOB KOP-
posun cranu CT. 3 B HeliTpalbHBIX Cepo-
BOJIOPOZicOofep KallMX CpefiaxX.

Hble B paboTe B KaueCTBe MHIMOUTOPOB, —
IPOMBIIIIEHHbIe KOMIIO3VIIMM OTe4ecT-
BeHHOro npoussopctsa cepun COHKOP
(3AO «Hedrexum», r. Yda). IpaBumerpu-
YeCKUM MeTOHOM ObIIO M3YYeHO 3aliuT-
HOe [IeJICTBMe MHIVMOUTOPOB B KOHIIEH-
tpanuax: 0,025; 0,050; 0,100; 0,200 r/m.
ITpu 97MeKTPOXUMMYIECKMX VICCTIIOBAHM-
X ObUIa BbIOpaHa ONTYMAasIbHAs KOHIIEH-
Tpauus nHruburopa — 0,100 /1.
OKCTepyMeHT BBINONHANCA B 3 %
pactBope NaCl, a Taxxe Ipu BBeeHUN
B PacTBOP pPas3/INYHBIX KOHIIEHTpPAIVII
H,S (0,1; 0,2; 0,4; 0,6 r/m). Paboume pac-
TBOPBI TOTOBWIM Ha puctumiate. Cepo-
BOJOPOJ, IONy4Yaay HEIOCPeCTBEHHO
B paboueM pacTBOpe IIyTeM BBeLEHMs CO-
oTBeTCTBYIoIMX KomdecTs Na S u HCL

tpayn H.S 0,6 r/n. 3ammTHOe meiictBue
MHTUOUTOPOB TAaKXKe CYIECTBEHHO yBe-
JIMYMBAETCA B IPUCYTCTBUM CEPOBOMO-
poza M C yBelM4YeHMEM ero KOHIeHTpa-
nym B pactBope. Cpeay MCC/IelOBaHHBIX
KOMIIo3uLmil Haubonee 3PpQPeKTUBHBIMU
okasaimuch komnosunmyu COHKOP 9801
u COHKOP 9920A, 3ammTHOE [elCTBIE
KOpOpbIX Bo3pocno fo 85,57 u 81,97 %
coorBetctBeHHO. VHri6utopsr COHKOP
9021C, 9510A u 9701 mokasanu cpenHee
samuTHoe feiictBue (Z < 75 %).

Takum 06paszoM, 3alUTHOE [eliCTBIE
unarnouropos COHKOP 3ameTHO yBenmn-
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4YlBaeTCsl B HENTpalbHOI Cpelie B IpU-
CYTCTBUM CEPOBOJOPOJA, KOTOPBI caM
1o cebe ABAETCA CUIBHBIM CTUMYIIATO-
POM KOpposui. IT0, BepOsATHO, 06YCIIOB-
JIEHO CYHepreTU4ecKM JelICTBIEM VHIU-
61TOopOoB U cepoBopopona. V3BecTHo, 4TO
opraHmdeckye fo6aBKy BCTYIAOT B XM-
MJYeCKOe B3aMMOJIEICTBYE C CEPOBOJO-
pozoM, o0pasys Ha IOBEpXHOCTU CTajIN
3alMTHYI0 IUIEHKY M3 HEpacTBOPMMBbIX
UMM TPYJHOPACTBOPMMBIX COENVHEHMIA.
IIpu sTtoM HabIIOAETCSI COBMECTHOE
BIIUSIHME MHITMOUTOPA U 9KPAHNPYIOLIETO
C/1051 TIPOIYKTOB KOPPO3UM Ha pa3BUTHE
KOpPPO3MOHHOTO IIpoliecca.

PesynbraThl McclIeoBaHUA — 3aLUT-
Horo peiictBust nuru6uropos COHKOP
METOZIOM TOJAPU3ALNOHHBIX KPUBBIX
npefcTaBienbl B Tabmumax 2-4. Merog
MO/IAPU3ALVIOHHBIX KPUBBIX IIMPOKO JIC-
IIO/Ib3Y€ETCsI B KOPPO3MOJIOTUY JJIA U3yde-
HIIsI MHIMIOUTOPOB KOPPO3UY, TIOCKOIBKY
OH II03BOJIAE€T PAcCYUTATh CKOPOCTb KOP-
posun imp B €IMHUIIAX IUIOTHOCTU TOKa,
onpenennuth TadeneBbl HAKIOHBI IOJIA-
PU3ALMOHHBIX KpUBBIX b, 1 b , moTenim-
a7l KOppo3un Emp, a TakXKe OIpefeNnTh,
K KaKOMY TUITy UHTMOMTOPOB OTHOCUTCA
UCCIEyeMOe BELECTBO, T.e€. KaKylo U3

MapLUMATbHBIX 37IEKTPOJHBIX peaKIuit
(BbIfeeHNe BOJOPOJiA, MOHM3ALMUIO KHU-
C/I0pOJa WIN VIOHM3ALMIO MeTajlIa) Ipe-
VIMYILECTBEHHO 3aMeJ|IgeT UHTMOUTOP.

PesynbTaTtel mOKasamu, 4YTO MWHIU-
6utopsr COHKOP 9510A u 9021C yse-
JMYUBAIOT TONAPU3YEMOCTb AHOJHOTO
mpolecca, C/nefloBaTebHO MX MOXKHO
OTHECTM K aHOJHOMY THUIIy MHIMOUTO-
pos. Muruburopsr COHKOP 9701, 9801
u 9920A SBIAIOTCS MHTMOUTOpPAMU CMe-
HIAHHOTO TUIIA.

Beenenne B pactBop NaCl cepoBopo-
pofa MpUBOAUT K MapasUIeIbHOMY CHBU-
Iy MOJIPU3ALMOHHBIX KPUBBIX B 06/1aCTh
6o071ee BBICOKVX TOKOB, YTO B KOHEYHOM
cyeTe yckopsieT ob1yio kopposuio Cr. 3.
INeKTpOXUMIIeCcKIe UCCTIelOBaHMA
IPOBOAMIN B PACTBOPAX, COFEpKaIIUX
0,6 r/m H,S, T.X. JlaHHasA KOHLEHTpaLus
cepoBOpOpoaa Hanbosee CUIBHO YCKOPSI-
JT1a KOPPO3MIO CTaIN. B MHIMOMpPOBaHHBIX
CepOBOZIOPOICOfiepKALNX ~ pacTBOpax
KaTMOMIHble ¥ aHOJHble TOKM 3aMETHO
YMEHbBILUINCH, YTO IOATBEPAUIIO Pe3YIb-
TaTbl TIPaBUMETPUUECKUX MCIBITAHUI
6ormee BBICOKOI 9 (eKTMBHOCTH MHTU-
6utopos COHKOP B mpucytcTBuu ce-
posopioposia. HecoBmamenue sHavyeHuMit

Tabmuna 1
ITokasarenu kopposuu cramu Cr.3 u samurHoro geiictus naruburopos COHKOP (0,1 /)
B 3 % NaCl + H,S
3%NaCl+HS
3 % NaCl 2

Vnruéurop 0,2 g/LH.S 0,4 g/LH.S 0,6 g/LH.S
I‘/I\I'I<2’-‘I Z,% r/LI:;-'{ Z,% r/ﬁz’-q Z% r/nllfz’-q Z,%

Her 0,150 - 0,368 - 0,578 - 0,748 -
COHKOP 9021C 0,123 18,03 0,186 49,33 0,201 65,25 0,218 70,82
COHKOP 9510A 0,125 | 16,39 | 0,189 | 48,67 | 0,213 | 63,14 | 0,201 | 73,11
COHKOP 9701 0,152 0 0,150 | 59,33 | 0,189 | 67,37 | 0,240 | 67,87
COHKOP 9801 0,135 9,83 0,120 | 67,33 | 0,125 | 78,39 | 0,108 | 85,67
COHKOP 9920A 0,125 16,39 0,142 61,33 0,152 73,73 0,135 81,97
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MIYECKOM MeToflax (Z ) CBA3AHO C TeM,
Tabnuia 2

Kopposnonno-anexrpoxummndeckne xapakrepuctuku Cr.3 B 3 % pactsope NaCl
B ipucytctBuu 0,1 r/71 MHrH6MTOPOB

Murn6urop(0,1 r/m) _Ekop’ B b, MB b,mB imp, A/m? er’ % Z,,%
Be3 unrnburopa 0,545 138 245 0,105 - -
COHKOP 9021C 0,408 64 263 0,101 18,03 3,45
COHKOP 9510A 0,413 65 162 0,088 16,39 15,94
COHKOP 9701 0,418 76 259 0,072 0 31,58
COHKOP 9801 0,432 79 240 0,069 9,83 34,26
COHKOP 9920A 0,458 76 151 0,030 16,39 71,56
Tabmuma 3
KopposnoHHo-3mekTpoxnmmdeckue xapakrepuctuku Cr. 3
B 3 % pacrsope NaCl+ H,S (C = 0,1; 0,2; 0,4; 0,6 /)
Konmnenrpamusa H,S, r/n —Emp, B b » MB bk, MB imp, A/m?
0 0,545 138 245 0,105
0,1 0,428 89 870 0,304
0,2 0,403 77 384 0,397
0,4 0,397 89 419 1,057
0,6 0,397 111 440 1,371
Tabnuia 4

KopposnonHo-anekrpoxnmmdeckne xapakrepuctuku Cr. 3
B 3 % pacrsope NaCl + H,S (0,6 r/n) B mpucytctsun 0,1 /1 MHTM6UTOPOB

Muruéurop (0,1 r/m) —Emp, B |b,mB | b,mB imP, A/m? er, % | Z,,%
Bes nuruburopa 0,397 111 440 1,371 - -
COHKOP 9021C 0,399 92 369 0,409 70,82 70,16
COHKOP 9510A 0,407 94 465 0,370 73,11 73,00
COHKOP 9701 0,410 92 506 0,334 67,87 75,62
COHKOP 9801 0,412 98 764 0,408 85,57 70,88
COHKOP 9920A 0,383 87 546 0,342 81,97 75,10
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a IIpY 97IeKTPOXUMMYECKNX U3MEPEeHMAX —
CKOPOCTb KOPPO3UU B JAHHBIII MOMEHT.
Cucrema «MeTanI — BOfia — CEPOBOLO-
pom» ABNAETCA OYEHb CIIOXKHOI, U B Heil
Jla)Xe B PaBHOBECHBIX YCIOBMAX MOTYT
IIpPOTeKaTh MHOTHE peakiuu ¢ obpasoBa-
HIeM pasHOOOpasHbIX coequHeHmit. [1pn
PacCMOTpeHMM MeXaHU3Ma CepOBOJO-
POJHOI KOPPO3UM C/IEAYET UMETh B BULTY,
4YTO B 3aBUCUMOCTHU OT pH-cpensl B pac-
TBOPAX 3/MEKTPOIUTOB CEPOBOROPO], MO-
JKeT NPUCYTCTBOBATb B Pa3HBIX OpMax:
npu pH < 6 0oCHOBHasA 4acTb HaXOAUTCA
B BUJE MOJIEKY/IAPHO-PAaCTBOPEHHOTO
rasa, npu pH > 6 B Buge SH-, B cunmbHO-
IeJIOYHBIX 37eKTponuTax — S*. Cymie-
cTBeHHOe BnusHue pH Ha ckopocThb ce-

3aknioyeHue

Takum 06pasoMm, B cpefie CepOBORO-
pona unarubutops! cepuu COHKOP pes-
KO YBeIMYMBAIOT CBOIO 3¢ (eKTMBHOCTD
B HEMTPa/JbHBIX cpefax. VIX MOXXHO OT-
HeCTM K KIacCy MHIMOMTOPOB CMeLIaH-
HOTO THUIIA, IOCKO/IBKY OHJ TOPMO3AT 00a

POBOJOPOLIHON KOPPO3UM OIpefendeTcs
KMHETUYeCKVIMM TIPYYMHAMY, CBA3aHHBI-
MM CO CTOMKOCTBIO 00Pa3yOIUXCA B pe-
3y/lbTaTe KOppo3uy IUIeHOK. IIpmcyrct-
Bue CynmbQuj- M TIUAPOCYIbQUJ-VIOHOB
B KODPO3MOHHOI Cpefie CIIOCOOCTBYeT
Pe3KOMY CTMMY/IMPOBAaHMIO OOOMX Iap-
L[aJIbHBIX 9/IEeKTPOXMMUYECKNX peak-
umit Ha cTanu [2].

OpHOBpeMeHHOe MPUCYTCTBUE B KOP-
posuonnoit cpere HS n O, mpusogur
K elje 6OMbIIEMY PaspyLIEHNIO METAJIIa,
IIOCKO/IbKY BO3MOYKHO IIPOTEKaHNe peak-
LUY, B KOTOPOIl IPOMEXKYTOYHBIN IIPO-
nykt H.S, ABnsercsa memonspusaTopom,
PaBHBIM 110 cijIe Kucmopony [3].

MapLMATIbHBIX 3/EKTPOXMMUYECKUX IIPO-
1ecca, OfIHAKO B OOJIbIlIENl CTEleHM VH-
IMOUTOPBI TOPMO3ST KaTOHbIN TIPOI[ECC,
NPOTEKAIOUWMII CO CMELIAHHOW KUC/IO-
PORHO-BOINOPOAHOI IeTIOApU3aLIVen.

1. Kim Ya. R,, Tsygankova L. E., Kichigin V.1. Korrozija: materially, zaschita. 2005;8: 30.
2. Rosenfeld I. L., Ingibitory korrozii, Khimiya, Moscow, 1978, 300 pp. (In Russian).
3. Yashina G. M., Bobov S. S., Smolenskaya E. A. Korrozija i zaschita v neftegaz. promyshl.

1980;8: 24.
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YKasaHuusa ans aBTopoB

1. CTPYKTYPA NYB/IUKALMIA

TeMnmaT cTaThbym MOXKHO HAWTM MO  CCBIZIKE:
http://www.rsc.org/Publishing/Journals/guidelines/
AuthorGuidelines/AuthoringTools/Templates/index.asp

1.1. ITonnble cTaTby

ITy6nukarya Jo/KHA ObITH HAaNMCaHa CKATo, TIIA-
TEbHO OTPE/JAKTMPOBAHA aBTOPAMI, JO/DKHA BK/TIOYATh
BCe HeOOXOMMbIe YacTH, a TAKXKe OBITh JITKO BOCIPH-
HVIMaeMOJi, a pe3y/IbTaThl VICCIEOBAHNII — ACHO IIOHN-
MaeMbl ¥ BOCHPOM3BOJMMBI.

JKypnan ABnsgeTcs ABYASBIYHBIM (PYCCKMM M aH-
IJIUICKMM). ABTOPBI MOTYT IIPUCBIIATD CTaThIO TOTHKO
Ha OJTHOM A3bIKE, KPOME HEKOTOPBIX IMyHKTOB, yKa3aH-
HbIX HIDKe. Peflakipya 6epet Ha cebs1 0643aTebCTBO Tie-
peBecTu Bally CTaThi0 Ha pyroi sAsbiK. Omlara 3a Iry-
6mKaLio cTaTby He Gepercsi. Bee craTby my61nKyoTcs
6ecrIaTHO, OC/Ie HAYYHOTO PeLieH3NPOBAHII.

1.1.1. 3aznasue cmamou

TexcT pykommcu HauMHAETCA C 3aI/aBMsA CTaTbH,
KOTOpOE JIO/DKHO MaKCHMA/TbHO HPUB/IEKaTh BHYMAHIE
YNTATENA, TIOTTHO ¥ TOYHO ONVChIBASA COJepyKaHNMe CTAaTb,
HO B TO )K€ BpeMs ObITb KOPOTKIM 11 SICHBIM. Jl/TUTe/IbHbIe
cucTeMaTnyeckie Ha3BaHVA U CIOKHbIE, MHOTOUNC/IEH-
Hble XuMmuyeckne GOpMy/bl ClaefyeT usberarn, Ife 3TO
BO3MOXKHO. CrieiyeT Taxke u3beraTh cokpamjenuit. Ecmn
myO/IMKaIys ABIACTCA CePUIHBIM COOOILIeHMeM, ee 3a-
IJIaBUe JOTOMHAETCA CHOCKON (K IOPSAJKOBOMY HOMepPY
COO0ILEH IsT), JAIOLIMM CChUIKY Ha IIPeIBIAYIIYI0 padoTy,
narnpumep: «Coobuienne 8 cm. 1». CepuitHble cOOOLIeHNS
HYMepYIOTCsA apabCKuMu 1iudpamit.

1.1.2. Mimena u pamunuu aémopos

JTo/KHBI  OBITH IIPECTAB/IECHBI IOJHbIE JMeHa
BCeX aBTOPOB CTAaThM (B PYCCKOI ¥ aHITIMIICKOV TpaH-
ckpunuuu). Yenarb JO/DKHOe BHMMAHNUE, YTOOBI BCe
COTPYIHMKHY, y4acTByIOLMe B paboTe, Te, KTO BHECIM
3HAYNTE/TbHBIN BK/IAJ, B UCCTIEIOBaHNUe, ObIIN yKa3aHbI B
KaJgecTBe CoaBTOPOB. 1o mpeficTaBIeHnIo PyKOTIICH aB-
TOP, OTBETCTBEHHBIN 3a TI€PENNCKY, MOATBEPKIAeT TOT
(bakT, 4TO ero coaBTOPbI COITIACH/INCH Ha ee IyO/mKa-
LMI0, ¥ IPMHMMAeT Ha ce6st OTBETCTBEHHOCTD 3a TO, YTO-
6bI OB TIPABIIBHO BK/TIOUEHbI BCE (¥ TOJIBKO) aBTOPBI.
ABTOp, OTBETCTBEHHBINl 3a IIEPENMNCKY, MOJIMCHIBACT
JIMIIEH3MI0 HAa aBTOPCKIIE TIpaBa OT MMEHM BCeX aBTOPOB.

1.1.3. Ipapuueckuii abcmpakm cmamvu

Ipaduuecknit pedepar (abGCTpakT) MOXKET BKIIIO-
4aTh LBETHON PMUCYHOK (M3obpaxeHnme, rpaduk) (He
6onpie 8 cM wmpuHOIL 1 4 cM BbicoTol) U 20-30 c10B
TEKCTa, KOTOPbIe OTPAXKAIOT OCHOBHBIE ACIEKTDI Ballel
paborbl. Ipadukit FO/HKHBI OBITH ACHBIMU, IO BO3MOX-
HOCTV TPOCTBIE CXeMaTH4YecKue AMarpaMMBbl U CXeMBbI
peaximil IpefIoYTUTENbHBL I U300paXkeHus Kpu-
CTa/UIMYECKUX CTPYKTYp U CIOKHBIX rpadukos. Bce
HOZMMCY Ha PUCYHKE JO/DKHBI ObITH BBIIIO/HEHbI HA aH-
ITINIAICKOM sA3bIKE.

1.1.4. AunHomauvus

Kaxmas cTaTbs [IODKHA CONPOBOXK/ATHCA aHHO-
taryeit (120-250 ¢/10B), KpaTKO U ICHO OICHIBAOLIEN
OCHOBHbIE 0O'bEKTBI I PE3Y/IbTaThl PAbOTHI, JO/DKHA ATh

YNUTATETIO ACHOE NMOHMMAaHME TOTO, YTO AOCTUTHYTO B
9TOI paboTe. AHHOTAINSA JO/DKHA OBITh HE3aBUCHMOIL OT
OCHOBHOTO TEKCTa, OAHAKO MMeHa, Ha3BaHus 1 GopMy-
JIbI COeJI[I/[HeHI/Iﬁ MOI‘yT COIIPOBOXXIATbCA HOMEpaMIU, Ha
KOTOpbI€ MMEIOTCA CCBUIKM B OCHOBHOM TE€KCT€ CTAaTbIL.
IToxanyiicTa, MMeiiTe B BUAY, YTO YUTATEIN BCe 6OMb-
11e 1 6O7IblIIe MCTIONMb3YIOT HOUCKOBBIE CI0BA (K/TI0UeBbIe
C/I0Ba) I HAXOX/EHWs JIMTEPATyphl, OIO3HABAEMBIe,
CIIOCOOCTBYIOLIME IOMCKY TEPMUHBI U KIIOYeBbIe C/I0-
Ba (TpeACcTaB/IeHbl HA PYCCKOM ¥ aHITIMIICKOM A3bIKAX)
JTOJIKHBI 6I)ITb BK/IFOYE€HBI B AaHHOTAIMIO, ‘-ITO6I)I MaK-
CUMaIbHO OG/IErYNuTh YMTATeTI0 MOUCK Ballleil CTAThM.
AHHOTaIUA He JO/DKHA COfleP/KaTh 9KCIIepUMEHTaTbHbIe
TlaHHBIe, COKPAIIeHNA ¥ CCBIIKU Ha IUTePaTypy.

1.1.5. BeedeHue

B mepBpIx ab3aiax OCHOBHOTO TEKCTa KPAaTKO 00-
CYXK/laeTCs M3BECTHAsA JNUTepaTypHas nHdoOpMaIus mo
UCCIIelyeMOMYy BOIIPOCY, oOpamjaercs BHUMaHME Ha
BXHOCTb 0OCY>K/jaeMoil 00/1acTy 3HAHMA B KOHTEKCTE
MHTEPeCOB umTaTenell >kypHama. [lamee ompenendior-
CA HEJIOCTaTKY M3BECTHBIX METOJOB, KOTOpbIE BaXKHO
yCTpaHI/ITb, n O6PI/ICOB])IBaeTCﬂ IIEPCIIEKTNIBA, OTKpPbI-
BAMOIIAACA B C/y4ae YCIENIHOTO pelleHNs IMpobieM.
Beezienye JOMKHO ACHO ¥ 9€TKO C COOTBETCTBYIONIMMM
cchlIKaMy 0603HAUNUTD NPOG/IeMy, 1Ie/b, aKTyaTbHOCTh
MCCTIEIOBAHNA U ITyTH €T0 peIleHNs.

1.1.6. Pesynvmamut u o6cysnoerue

3areMm crefyeT 06CYANTD 1 OOBSICHUTD IOTyYeHHbIE
B paboTe pe3yabTaThl, IPOAHANTU3MPOBATh OCOOCHHOCTI
CUHTe3a, IPOJIeMOHCTPYUPOBATD 1 06CYANTDH BO3MOXKHbIE
orpaHuyeHnsA. B Tekcre 06061maoTCA 1 PasbACHAOTCA
TONBKO Te CHEKTpajbHbIe J[AHHbIE, KOTOPbIE WCIIONb-
3YIOTCA JIA TIOATBEP)KNIEHUA CTPYKTYPbI HOTy4eHHbBIX
coepgyuHenuit. Ilepeuncienne OfHUX U TeX JKe NAHHbBIX B
TeKCTe, Tab/MIAX U Ha PUCYHKAX He JomyckaeTcsA. [
HOBBIX METOJJOB CMHTE3a KeaTeIbHO OOCYAUTh MeXa-
HU3M peakiyy. OCHOBHOM TEKCT CTAaTbU 3aBepIIaeTcs
KPaTKMMU BBIBOJIAMM, KOTOPbIe He JO/DKHBI OBTOPATD
AQHHOTAIMIO.

1.1.7. OxcnepumenmanvHas 4acmo

B navane skcrepuMeHTanbHOI YacTU HMPUBOAATCA
HasBaHMsA NpPUOOPOB, Ha KOTOPBIX 3aPeruCTPUPOBA-
Hbl (QUBMKO-XMMMYECKIe XapaKTePUCTUKU BeIIeCTB,
YKa3bIBaIOTCA /MO0 MCTOYHVMKHU MCIIONb30BAHHBIX He-
TPUBMAJIbHBIX PEareHToB (HAIpuMep, «KOMMepyecKue
[Iperaparsl, Ha3BaHue GpuUpMbI»), 1160 JAIOTCS CCBUIKI
Ha METOfMKM MX monyderns. Kaxpiit maparpad axcrre-
PUMEHTAIbHOI YacTH, ONMMCHIBAIOIINIT TOTyIeHNe KOH-
KPETHOTO COE/IHEHVIA, JO/DKEH COZIepyKaTh ero II0THOe
HayMeHoBaHMe 110 HoMeHknarype UPAC u ero nopsp-
KOBBIIT HOMep. JI71 BceX BriepBble CMHTE3MPOBAHHbIX CO-
eIHEHNIT He0OXOIMO TIPUBECTY TOKa3aTeNbCTBA IIPU-
IMIChIBAEMOIO0 MM CTPOE€HMA M JaHHDBIC, ITO3BOMAIOLINE
CymuTb 06 MX MHAMBUIYATBHOCTU 1 CTEIICHM YMCTOTHI.
JI/1sl M3BECTHBIX BEIIECTB, CMHTE3MPOBAHHBIX OIYyO/IN-
KOBAaHHBIM paHee MeTO[OM, [O/DKHA OBITh IpMBefieHa
CCBIZIKA HA JIMTepaTypHble JaHHble. Ecmy, 110 MHeHMIo
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pelieH3eHTa WIM peJaKTopa, HOBble COeNVMHEHMs He
GBI y[IOB/IETBOPUTEIBHO OXaPaKTEePM30BAHbI, CTAThs
He 6y]1€T HpI/IHHTa K 1megyaTu. PenaKTop MOXeT HPI/IHHT])
CTaTbI0, He COJIepPIKAIIyI0 JaHHbIE BCeX TpebyeMbIx du-
3MKO-XMMIYECKNX ITapaMeTPOB HOBBIX COEMHEHNII,
eC/IM OH CYMTAeT, YTO IpNBeJjeHHbIe JaHHbIe JOCTaTOY-
HBI JIS1 [IOKA3aTeIbCTBA 0OCYK/JaeMbIX JaHHBIX.

1.1.8. 3axnrouerue

HysxHO 111 MHTepIpeTanmun U OTPaskeHNUs HOBU3-
HBL JI 3HAQYMMOCTM paboThl. 3aKjIiodeHNe He [O/DKHO
CcymMMMpoBaTh MHPOPMALMIO yXKe IPUCYTCTBYIOIIYIO B
TEKCTe VI aHHOTALIVIA.

1.1.9. Brazodaprocmu

CoTpyIHMKOB, MIMEIONIMX OTHOLIEHME K JJAHHOII pa-
60Te, HO He aBTOPOB, MO>KHO IIO0/IATOLAPUTD B OTHE/b-
HOM maparpade B KOHIje CTaTby. brarogapHOCTH JO/DK-
HBI OBITH KPATKMMIL 110 BO3MOXKHOCTH. Bce MCTOYHMKM
(uHAHCHPOBAHUS JO/DKHBI OBITH OTMEYEHBI.

1.1.10. Hocssuerus

ITepcoHanbHble MOCBALIEHNS IIOAXONALIETO BUAA
MOFYT 6])ITI) BKJ/IIOUEHbI KAaK CHOCKAa B Ha3BaHMM CTa-
Tbu. [MocBsmenns w6unesm (ot 60 u BbIlIe) U B CBA3K
C KOHYMHOI GyfyT pacCMaTpuBaThCs COOTBETCTBEHHO.
Jlpyrue GpopMBI MOCBSIIEHNIT JO/DKHBI OBITH O0OPEHDI
IJIaBHBIM PeflaKTOPOM JKYpHaJIa.

1.1.11. Bubnuozpaguueckue cColAKU U CHOCKU.

OH]/I JTOJIKHBI 6])ITI) HaIlllICaHbl B KOHLI€ CTAaTbU U
HpOHyMEpOBaHbI.

1.2. Kpamxkue coobuierus (nucoma 6 pedaxuuio)

2. CTUb U NPE3EHTALUA

2.1. KpaTtkoctb

Cratbu JOJI>KHBI 6I)ITI) HamycaHbl KpaTKO U JIAKO-
HU4HO. [TOBTOpeHNe ¥ YKpalaTelmbCTBO NUIIHMMMU (He
HeoOXOAMMBIMI) CTOBaMM ¥ (pasamy He [JONMYCTUMO.
YpesmepHOe UCIIONb30BaHME ANATPaMM U [yOImupoBaHe
JAHHBIX B TEKCTe, TAOMMIIAX 1 PUCYHKAX He 000pAeTCs.

2.2. fIspIK

JKypuan sBnsercs [BYA3bIYHBIM (PYyCCKMIT M aH-
IIUIACKNIT A3BIK). ABTOpbI MOTYT IIPUCBIIATH CTATHIO
TONBKO Ha OJHOM A3bIKE, KPOME HEKOTOPBIX ITyHKTOB,
yKasaHHbBIX HIDKe. Pefakisa 6eper Ha cebs 06A3aTeNb-
CTBO II€pPEBECTN Bamy CTAaThIO Ha J:[pyroi[ sa3b1K. Omtata
3a My6nuKaIuio cratby He 6epercs. Bee crarbu my6nu-
KYIOTCS 0€CITaTHO TT0C/Ie HaYYHOTO PelieH3MPOBAHMA.

2.3. CokpameHus

CrefiyeT MCIONb30BaTh CTAaHAAPTHBIE COKPAIICHNA.
[Ipy mepBOM HCIIONB30BAHUM HECTAHJZAPTHOTO COKpa-
IIeHN, JO/DKHO OBITh MPEICTAB/ICHO ero MOTHOE OIpe-
neneHue.

3. PUCYHKU U TPAOUKU

3.1. ITogroToBKa pUCYHKOB

PyCyHKN JO/DKHBI OBITh NpECTAB/ICHbl B OKOHYA-
TE/IbHOM pa3Mepe Tak, 4ToObl He TPe6OBaIoCh NX peiak-
TI/[pOBaHI/Ie. ABTOp OTBeYaeT 3a BHEITHUI BUJ pI/ICyHKOB.

« PUCYHKU [JOIDKHBI OBITD B IIPeieNiax OIHOI KOJIOH-
ku (8,3 cM) i gBOTHOM Ko/moHKu (17,1 cM), HO He Bbllile
23,3 cm.
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CooOmlenns JO/DKHBL CONEPKaTh M3JIOXKEHNe Cy-
I[eCTBEHHO HOBBIX Pe3y/IbTATOB, METO/JOB [IPUMEHEHNS,
MPefCTAB/IAIONIMX OO MHTEepeC, WIN Lie/leHanpas-
JIEHHBIX VICCIEAOBAHMIL, TPeOYIOLINX 3aKpeIIeH s IPK-
opurera.

1.2.1. Texcm

B nucbMax B pefaKijnio He MCIIOIb3YIOTCS 3aT0IOB-
Ku yacTeil. JJO3BOIAIOTCA KpaTKue AeTajiu 9KCIepyMeH-
TOB, HO H€ BK/IIOYAIOTCA JIMHHBIE MHOTOC/IOBHBIC BBEJIE-
HUA 1 06Cy)KI[eHI/[$I, I/I36bITO‘-IHI)Ie 9KCIIEpUMEHTAIbHbIE
meTanu, [OTafiKu U npepnonoxenns. Heobxoammo skc-
HepYMEeHTAIbHOE [JI0Ka3aTe/lbCTBO, CHAOXEHHOe CChI/l-
KaM#, YTOOBI OLIEHUTb PabOTy M M JajIbHeillIeil ee
y6/IMKALUN B OTA€/IBHOM COIIPOBOANTENBHOM (aiiye.

1.2.2. Ipagpuxu u mabnuyol

I'padpukoB u TabMIL He JOIKHO OBITH MHOTO, TOTTBKO
Te, KOTOPble BaXKHBI JIAl IIOHMMAHVA CMBIC/Ia MHPOpMa-
LI,

1.3. O630psI

ABTOpBI, Ke/aomye omy6/IMKoBaTh 0030pHY10 UL
MUHU-0030pHYI0  cMAampio, TODKHBI IIPEABAPUTEIBLHO
COI/IACOBATD C PeaKI{Veil ee TEMATUKY, IPEJCTABUB pa3-
BepHYTYI0 (1-2 CTpaHMI[BI) AaHHOTAIMIO, COAEPKAIIYIO
cBeJleHMsI 00 OCHOBHBIX pasfiennax 0630pa, BpeMEHHOM
Hepyoyie OXBaTa JIMTEPATyPhl ¥ HPebIAYIMX 0630pax
110 JIAaHHOW TeMe.

O630p mOMKEH OBITH BCEOOBEMITIOIINM, KPUTIUe-
CKIM ¥ OIMCBIBATh HOBEIIIVE MCCIIeOBAHMA.

2.4. VicmonbsoBanmne KypcuBoB

VIHOCTpaHHbIe C/IoBa 11 (ppasbl, TATHHCKME abOpeBua-
TYPbI AAIOTCA KYPCUBOM, Hampumep, in toto, in vivo, ca., cf.,
i.e. B Ha3BaHMAX XMMMYECKMX COeTIVIHEHNUI W/ PafinKaioB
KprI/[BbI I/IC]'IOIII)SYIOT /1A IPUCTAaBOK (ommqammmxcx oT
HOMEPOB J/IVI CMBOJIOB) KOT/IA OHJ OIIPE/IETIAIOT MOTIOMKe-
HIIA HA3BaHHBIX 3aMeCTUTe/el! TV KOTIa OHY OTIPEeTIAIoT
CTepeoM30MepbL: IPyTVie IPUCTABKY MeYaTaTCA Ha JIaTy-
HUIIe. (3aMeTI/IMZ Ha4vaJIbHbIC 3aI/laBHbIC 6yKB])I HeE UCIIOJIb-
SYIOTCH C Kpr]/IBHI:IMI/I TIpUICTAaBKaMM IV IIPUCTABKaMU
C ofiHOI GYKBOII: TYHKTYaIMsA He CBA3aHA C OYKBEHHBIMI
npucraBkamn.) Hampumep, o-, m- u p-HUTPOTONYON, HO
ortho-, meta- n para- coepyHenns (0-, M- u p- UCTIONb3Y-
IOTCSA TOTIBKO ISl CIIelMaIbHbIX Ha3BaHumit; ortho-, meta- u
para- MCTIONB3YIOTCA IA Kacca coepuHenuit), N,N-an-
METWIAHWINH, trans- n cis-bis(rmmunaro)mmarnaym(1l),
gem- VI Vic-IVioTbl, 6EH3ITT anti-OKCUM.

Haspanusa >KypHamoB U MX COKpalleHMA [Al0TCA
KypPCHBOM.

o Ipadpmueckme pUCYHKM He JO/DKHBI OBITH Goree
yeM 8x4 cm.

o CxeMbI 1 CprKTypr JOJI>XKHBI 6I)IT]) HapMCOBAaHbI
TaK, YTOOBI MOYKHO ObIIO MCIIONB30BATh OMHAPHYIO 1
TBOHYIO LIMPUHY KOTOHKM.

3.1.1. Ipaguxu

i) nIoxye mpuMepbI
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Tpumep A

IIpumep B
O6a npumepa Boiie (A 1 B) Hemb3st xoporo Boc-
HPOM3BECTI U3-32 CIEAYIOIINX IIPO6IeM:
o ITpumep A He obecrednBaeT XOpPOILIEro paspelie-

HVA U pa3Mepa, IOTOMY YTO AB/IAETCA HEACHBIM M pac-
IUIBIBYATBIM B TIEYaTHOM BapyMaHTe CTaThM.

o [Ipumep B:

— JKe/IThle IVHVM He BOCIIPOU3BOJATCA YeTKVIMIA;

— KpacHbIe U 3eJIeHble — 9TO IIOXOil BBIOOP, C HU3KOIT
BUJVMOCTDIO, [T JTIOfielt, TIOXO Pas3liyaroNiiX 1[BETa;

- B rpadMKax /ydile MCIOIb30BaTh IPEPBIBUCTBHIE,
IYHKTHMPHBIE U TOYEYHbIE IMHNN, YeM BbIfie/ieHe IiBe-
TOM;

— Hajlo usberarhb G/EHBIX, ePeKPIBAOLIVX INHMUI
" HEOOBIYHBIX LIPUQTOB.

Kpome Toro, rpadmkyt HOMKHBI OBITH IOTyYeHbI
C UCIIO/Nb30BAHNMEM COOTBETCTBYIOLIMX TrpaddecKux
KOMITBIOTE€PHBIX ITPOTPaMM.

ii) xopourmii nmpumep

IIpumep C

ITpumep C GyzneT BOCIPOU3BOAUTECS XOPOLIO:

* N300paXKeHe AB/IACTCA YETKMM Vi ACHBIM JIIS 4N -
TaTens 1 obecreunBaeT MpaBUIbHBI pasMep (OAMHOY-
Has Ko/moHKa (8,3 cM) wau gBoriHasg xonoHka (17,1 cm)
MIVPUHOIT);

o JIMHUMU JIO/DKHBI OBITh 4ePHBIMM, afieKBaTHBIMU,
JI0CTATOYHOI TOMIIMHDI X KPUBbIE I/TaBHBIMI;

o IIYHKTHUPHbIE, IPEPBIBUCTHIE U TOYECUHbIE TMHUN 1
IIPOCTbIE TEOMETPUYECKIe CUMBOIBI MICTIONb30BaTh Tyd-
1Ie, YeM 1[BETHbIE;

o HamycaHye OyKB B rpaMKax JO/DKHO OBITH 4eT-
KIM, JOCTaTOYHOTO pasmepa (Hampumep, mpudt Arial,
pasmep 10, nan Helvetica, ecnin Arial HeBo3MOyKeH);

o hopMar efyHNL M3MepeHNs Ha IpadyKax JO/DKeH
COOTBETCTBOBATH yC/IOBHBIM 0603HadeHnsiM UPAC n nc-
TI0/Tb3yeMbIM B CTaThe.
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IIpumep C

3.2. ®ororpadum

o ®ororpaduit HODKHBI OBITH XOPOIIETo paspelie-
Hust (MuHrMyM 300 dpi) pasymHoro pasmepa (He Takum,
Kak ¢oTo A). JInunble GpoTorpaduu JO/KHLL ObITH 4 X 5
oM. Bee mpyrue pororpadui JO/KHBI COOTBETCTBOBATH
pasMepaM puUCyHKOB (cM. paszernt 3.1).

« [Ipencrasienne yepHO-6ebIx GoTorpadumii xena-
Te/IbHee, YeM IIBETHBIX.

LIBerHble oTorpadum OYAyT HpesCTaBIeHbI TOMb-
KO B 37IeKTPOHHOM BapMaHTe CTAaThI.

3.3. XumMmyeckue CTpyKTypbl

CrpykrypHas Gpopmysa o/DKHA OBITh UieabHO Ha-
PUCOBaHa C UCIOMb30BAHIEM XMMMUYECKIX KOMIIBIOTEp-
HbIX nporpamm (Harmpumep, ChemDraw, ChemWindows,
ISIS/Draw), aHajormyHble Kak i >KypHanoB Royal
Society Chemistry (Apply Document Setting o ymor-
yauuio RSC).

doto B
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3.4. TlpeacTaBienne peHTTEHOCTPYKTYPHOTO aHa-
nmmsa

JlaHHBIE PEHTIEHOCTPYKTYPHOTO — VICCIIEOBAHMS
CllefiyeT NpPefCTaB/LATh B BUfE PUCYHKA MOJEKYIbI C
poHyMepoBaHHbIMU aToMamu, Hampumep C(1), N(3)
(110 BO3MOXHOCTY B IIPEICTAB/IEHNI aTOMOB 3JIIIIICO-
UJaMI TeIUIOBBIX KonmeGauuit). ITonHble KpucTaorpa-
(rdeckie naHHbBIe, TabMIIBI KOOPAMHAT aTOMOB, LINH

4. XAPAKTEPUCTMKA HOBbIX COEVHEHUN

4.1. OCHOBHOE PYKOBOJICTBO

OTBETCTBEHHOCTh aBTOPOB 00ecreunTbh Hambosee
IOJTHO JTOKA3aTelbCTBO MHAMBU/YATbHOCTU U MJICHTH-
duKayy BceX COENVHEHWII, KOTOPble OHU 3asBJIAIOT
KaK HOBBIE W/IM M3BECTHBIE COENVHEHN, HO IIONy4eH-
Hble HOBBIM MeTOJIOM. Jl0Ka3aTe/lbCTBO YMCTOTDHI M MH-
IMBUYaTbHOCTH HEOOXOMMMBI, YTOOBI YCTAHOBUTD, YTO
OIMCAHHbIE CBOJCTBA M KOHCTAHTBI VIMEHHO Te, 4TO Y
HOBOTO COE[MHEeHMsA C 3aAB/IeHHOI cTpyKTypoil. Coe-
IVHEHMSA PacCMaTpUBAETCA KaK HOBOe (), eC/iM OHO He
6b1710 IOy 4eHO paHee, (b) ecu OHO OBIIO TIOTYYeHO pa-
Hee, HO IIJIOXO OYMIEHO, (C) ecu OHO GBIJI0 OYMILEHO,
HO He aJIeKBaTHO OXapaKTepu3oBaHo, (d) ecnu paHee eMy
6bUIa IIpUIICaHa OMMOOYHasl CTPYKTypa win (e) ecin
9TO IPUPOJHBII IPOAYKT, BBIJICICHHBII NI OXapaKTe-
PU30BAHHBII B IIEPBbII Pas.

JI71s1 BCceX BIIepBBbIE CHHTE3MPOBAHHBIX COCIMHEHMI
HeoOXOIMMO IIPMBECTH [OKa3aTelbCTBA MPUINMCHIBaE-
MOTO MM CTPOEHNA ¥ JAHHbIE, II03BOIAIOIINE CYFUTD 00
VX VHIMBUYAIbHOCTU ¥ CTEHEHU YMCTOTHL B wacTHO-
CTH, JJO/DKHBI OBITh TIPEICTAaB/ICHBI JAHHBIE 9/IEMEHTHO-
TO aHa/IN3a MM MACC-CIIeKTPBI BHICOKOTO paspelleHms
n crextpsl SIMP 'H u "C. ] 13BeCTHBIX BeIecTs,
CUHTE3VPOBAHHBIX OIyO/MMKOBAaHHBIM PaHee METOIOM,
IO/DKHA OBITH IPYMBeJieHa CChUIKA Ha TUTepaTypHbIe JaH-
Hble. [I/IA M3BECTHBIX BEIECTB, IONTYYEHHBIX HOBBIMU
it MOIUQUIMPOBAHHBIMY METONAMM, JO/DKHBI OBITh
IpefiCTaBIeHbl UX (QU3NYECKUe U CHEeKTpalbHble Xa-
PAKTePUCTUKM, UCIONb30BAHHbIE I IOATBEPKCHIUA
UJEHTUYHOCTY CTPYKTYPbI, METOJ] CMHTEe3a M CChIIKA Ha
JIUTEePaTypPHBIE JAHHBIE.

4.2. Xapakrepucruka B paMKax XIMMITYeCKON Ou-
onorun

Korpa coeiyiHeHNA CYHTE3UPYIOTCA 1A VICIIBITAHNSA
B OMO/IOTMYECKUX CUCTeMaX, JO/DKHO ObITh 0becredeHo
JOCTaTOYHOE JI0KA3aTe/bCTBO YMCTOTHI U MECHTUYHO-
CTH, TaKoe, YTOOBI pe3yIbTaTbl IKCIEPUMEHTA ObIIN
IIPaBJIMBBL.

ABTOpBI [JO/DKHBI JIaTh CTPOTO€ JJ0Ka3aTeIbCTBO
YUCTOTHI U MAEHTHOMKALMU ONVCAHHBIX OMOMOMEKYIL.
Meronpl, NpUMeHsAeMble /I MACHTUUKALMI: Macc-
criekTpomeTpust, LC-MS, maHHBIe MOC/IEI0BATEIBHOCTI
(17151 6E/IKOB U ONIMTOHYK/IEOTHIOB), BBICOKOTO paspelie-
uust 'H wn PC SIMP, X-ray kpucramnorpadus. Yucrora
JO/DKHA OBITH YCTAHOBJIEHA OJHMM MMM Gojiee MeTofa-
mu: HPLC, renp amekTpodopesom, KanmuLIpPHbIM 37TeK-
Tpodopesom, Bricokoro paspemmerns 'H win PC SIMP.
KOHTpO/Ib TOCTIEjOBATEIBHOCTI TaKXKe HEOOXOAUM B
CTydae HYK/IeMHOBBIX KVCTIOT, BKIIOYas MOJIEKY/IAPHYIO
6uosornio.
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CBAA3eil U BaJICHTHBIX YIJIOB TeMIleparypHble (GaKToOpbI,
B JKypHajle He IyOIMKyIOTCA, a fenoHupyiorcs B Kem-
6pu/pKCKOM 6aHKe CTPYKTYPHBIX TAHHBIX (B CTAaThe yKa-
3BIBAETCS PETMCTPALMOHHBI HOMEpP JeMOHEeHTa) VN
IPUBOAATCA B (aiie COMPOBOAUTENBHOI HHPOPMALINIL.

3.5. IIBeTHbIE PUCYHKHU

IIBeTHbIe pyUCYyHKM OYAyT HpeCTABIEHbI TOMBKO B
9/IEKTPOHHOM BapMaHTe CTaThI.

4.3. V3noxeHye SKCIepMMeHTaTbHbIX JAHHbIX

JlaHHbIe /1A VHAVMBUYaTbHBIX COCIMHEHMIT OIDK-
HbI OBITD IIOC/IE €r0 Ha3BaHMA, CIefys 3a OIMCAHMEM €Tr0
nonydenns. Bom nopsdok, 8 komopom 0omicHbl Ovimo
npusedervl Haubosee o0uje OaHHDbLe 0715 HOBO20 COeOUHe-
HUT: BBIXOJI, TEMIIEPATypa IIAB/ICHNsA, ONITHYECKOe Bpa-
IeHNe, I0Ka3aTe/b IIPeTIOM/ICHNs, STIeMEHTHbIIT aHA/N3,
YO, VIK, AMP cnextp, Macc-criekTp. COOTBETCTBYIOIINE
006pasIIbl /1A IUTUPOBAHNUA KaXKIOTO CIIEYIOIIe.

4.3.1. Boixoo

B KpyI/IIBIX CKOOKAaX IOC/Ie Ha3BAaHUSA COENVMHEHNA
(umy ero sxkBuBazneHTa). Bec M HpOLEHT pasienAnTCA
3arsToln, Harpumep the lactone (7.1 1, 56 %).10

4.3.2. Temnepamypa nnaeneHus

B Buge mp 75 °C (u3 EtOH), Hanpumep pactBopu-
Te/b I KPUCTA/IN3ALMY B KPYITIBIX CKOOKAX.

4.3.3. Onmuueckoe spaujeHue

EnyHnip! nsMepenus JODKHBI ObITh YKa3aHBI B Ha-
Jajie SKCIePYMEeHTaNbHOI YacTy, Hanpumep [a]D 3Ha-
veHus gansl B 107! rpag. cm? r'. Tlokasausl B Buge [a]
o> —22.5 (¢ 0.95 B EtOH), Hampumep, KOHIIEHTPAIA I
PacTBOPUTEITb B KPYITIBIX CKOOKAX.

4.3.4. Ilokazamenv npenomneHus

Man B Buze 1> 1.653.

4.3.5. Onemenmolii aHANU3

[l OmMCaHUA 9NIEMEHTHOTO aHa/IM3a IIOJXOMAT
o6e dopwmpr (Haitneno: C, 63.1; H, 5.4. C ,H NO, ne-
obxomnmo C, 63.2; H, 5.3 %) u (Haipgeno: C, 62.95; H,
5.4. Berancneno s C ;H NO,: C, 63.2; H, 5.3 %). Tnsa
UAEHTUPUKALNY HOBBIX COeMHEHMIT TOYHOCTD aHa/IN-
3a B npefienax +0.3 %, ¥ B 0COOBIX CIIy4asx, B IIpefieiax
+0.5 %, ec/u BK/IIOYEH MOJIEKY/IAPHBII BEC, TO COOTBET-
crylomas dopma Takas: [Haitpeno: C, 63.1; H, 5.4 %;
M (macc-criekp), 352 (v mpocto M*, 352). C . H NO,
neobxogumo C, 63.2; H, 5.3 %; M, 352].

4.3.6. YO-cnexmp

Manpr B ume A (EtOH)/nm 228 (/M Momp™ em™!
40 900), 262 (19 200) n 302 (11 500). ITeperu6sr u mTe-
un o6o3Havatorcst kak 228infl or 262sh. AnbrepHaTuBHO
MOJKET OBITh MCIOMb30BaHa ¥ Ciefyomas gopma: A
(EtOH)/um 228, 262 n 302 (¢/mn monb™! cm™! 40 900, 19
200 u 11 500). log & moxcem 6vimv emecmo e.

4.3.7. UK-cnexmp

Kak cremytomee: v /cm™' 3460 n 3330 (NH), 2200
(conj. CN), 1650 (CO) and 1620 (CN). Bug curnana (s,
W, Vs, br) Mo>keT OBITh ITOKa3aH JOOaB/IsIeMbIMU OyKBaMI
(mampumep, 1760vs).

4.3.8. Cnexmpot IMP 'H u *C IIMP

Jlo/KHBI 6BITH YKa3aHbl pabodas actoTa npubopa,
VCIIO/Ib30BAHHBII CTAHAPT ¥ pacTBOpuTenb. Ecm s



cnektpos SIMP B KadecTBe CTaHJAPTA UCIIONb3YETCA He
TMC, crnenyer ykasaTh XMMIYECKWIT CIBUT CTaH/japTa B
1mkare 0.

HJ’[H BCE€X CIIEKTPOB OJIKHBL 6I)ITI) MCIIOTb30BAHbI
3HayeHus O, C yKasaHMeM HOACTPOYHO sifiep, eCIu He-
obxommmo (Hampmep, 8, §.). O603HATEHN KOHCTAHT
CBA3BIBAHUA TO/IKHDBI 6I)ITI) J[AaHbI B Ha9a/I€ SKCIIEPUMEH -
Ta/IbHON 4acTy, Hanpumep, / sHa4eHu Janbl B Hz. Ha-
npumep: §,(100 MHz; CDCL; Me Si) 2.3 (3 H, s, Me), 2.5
(3H,s, COMe), 3.16 (3 H, s, NMe) u 7.3-7.6 (5 H, m, Ph).
IIImpoxmit CUTHAT MOXeT OBITH 3amucaH Kak br, Hampu-
Mep 2.43 (1 H, br s, NH). Jly1s1 0603HaueHns MOIOKEHNs
aTOMOB BOJIOPOJia CIeAyeT MCIOIb30BaTh 0603HAUECHNUA
tuna H-3, H-2,6 (@11 apoMaTtiyecKux IpOTOHOB) MIN
3-CH, 4,5-CH, (ana amudarmdeckux mpotoHos). [Tpo-
TOHBI B COCTABE CIOXXHBIX FPYHH, K KOTOPBIM OTHOCUT-
CA CUTHAJI, CIeflyeT MOMYepPKHYyTb CHM3y - 3.17-3.55
(4H, m, N(CH,CH,),); 114 HOMOXEHNS 3aMecTHUTeneit
ucronb3osarh obosnavenus 3-CH,; s obosnauenms
nonokeuns aroMoB — C-3, N-4 u 1. 1. Ecnu kakoit-nm6o
CUTHAJI B CHEKTPE OIMCBhIBAETCA KaK 11y6)1eT, TPUILIET,
HyOmneT Ky61eToB 1 T. I1. (a He CYHITIET M/IX MY/IBTUIIIET),
Heobxoxymo npusect coorBercTByRomue KCCB. Ecm
IIPOBEJIEHbI JIOTO/THUTEIbHbIE MICC/IEOBAHNA I yCTa-
HOBJIHUA CTPOEHMA WM TIPOCTPAHCTBEHHBIX B3al-
MOJIEICTBUII aTOMOB, JJO/DKHBI ObITH YKa3aHbl UCIIO/b-
30BaHHBIE JIByMepHbIe MeTOAbl. B ommcanmm crekrpos
SMP C oTHeceHVe KOHKPETHOTO CHTHa/la K KOHKpeT-
HOMY aTOMY YIJIepOfia IPMBOAUTCA TONMBKO TOT/IA, KOT/IA
OTIpeieienie MPOBeIeHO Ha OCHOBAHVM JABYMEPHBIX 9K-
CIIePUMEHTOB.

Ipumepot 3anucu

Crextp AMP 'H (400 MIu, CDCL), §, m. 1.
(J, I): 0.97 3H, T, ] = 7.0, CH,); 3.91 (2H, x, ] = 7.0,
COOCH,); 4.46 (2H, m, ] = 6.1, NCH,); 7.10-7.55 (9H,
M, H-6,7,8, NHCH,C H,); 7.80 (1H, ¢, H Ar); 7.97 (1H,
¢, H-5');8.13 (1H, . 1, J = 8.2,] = 2.3, H-5); 11.13 (1H, ¢,
NH). Crextp SIMP “C (100 MIt, IMCO-d6), §, m. 5. (J,
T): 36.3 (CH,CH,); 48.5 (C-5); 62.3 (CH,CH,); 123.0 (C
Ar); 125.8 (1, 2JCF = 26.1, C-3',5' Ar); 128.9 (C Ph); 134.4
(C-5a); 168.3 (C=MO).

4.3.9. [lannvle macc-cnekmpomemupuu

Jatorca B Buzie: m/z 183 (M*, 41%), 168 (38), 154 (9),
138 (31) u . . MOJIeKy/IAPHBIIT IOH MOYXKET ObITh OIIpe-
TiefieH Kak Ioka3aHo. CpaBHUTEbHbIE MHTEHCHBHOCTH B
KPYITIBIX CKOOKaX (% TONBbKO OfMH pa3 BK/IIOYEHO). [Ipy-
T¥e TPYIIIBI MOTYT ObITH BK/TIOUEHbI B Buie 11/z 152 (33,
M - CH,CONH,). MeTacTabunbHble MK MOTYT OBITH
HanucaHbl Tak: M* 160 (189->174), 147 (176>161) u . x.
Jomxken 6biTh ykasaH tun cnekrpa (field desorption,
electron impact, u T. 11.). TouHble Macchbl, HEOOXORUMbIE
1A 1eneit MieHTMKALVN, JO/DKHBI ObITh B IIpefienax
5 ppm (EI u CI) mmn 10 ppm (FAB mnu LSIMS).

4.3.10. JlumepamypHole cColAKU

Jlo/mKHO ObITH CpaBHEHME C JIUTEPATypPHBIMHU 3Ha-
YeHMSAMHU B KPYIVIbIX CKOOKax, Hanpumep mp 157 °C (u3
xnopodopma) (mut.,"” 156 °C), mmm v /v 2020 m 1592
(nnrt., 24 2015 1 1600).

4.3.11. Sxcnepumenmol, 6KAIOUAIOUsUE MUKPOOP2a-
HU3MbL

Jlnst paboT, BK/IIOYAIOIIMX MMKPOOPraHM3MBI, J10-
CTAaTOYHO JIeTa/IbHO HY)KHO WeHTUUIMPOBATD JIC-
I0/Tb3yeMble BUJIBI.

5. BUBJZINOIPAOUYECKUE CCbINIKW, 3AMEYAHUA U CHOCKKU

CIICOK MCIOIb30BAHHOI INTEPATyPhl HyMepyeTcs
B NOPSA/IKE YIIOMMHAHMA B TEKCTe U IIeyaTaeTcs C yKa-
3aHMeM MHUINAIOB 1 GaMUINIT BCeX aBTOPOB, HEJOITy-
cruma ¢pasa et al. Bce ccpUIky 7aloTcs B OPUTMHATBLHON
TPAHCKPUIILIVNL.

TToxxanyiicra, ucronnayiire Vancouver reference style
LA CCBITIOK.

5.1. JKypnambt

Crunp aG0peBMaTyp >KypHasa, UCIIONb3yeMbIX B
ny6imkanusx, onpegener B Chemical Abstracts Service
Source Index (CASSI). See http://www.cas.org/expertise/
cascontent/caplus/corejournals.html.

Ecu BBl He MOXKeTe OIIpeJieNIuTh aBTOPCKyIo ab6pe-
BUATYPY [V KypPHA/Ia WIM He O4eBUIHO, KAKOJT JO/DKHA
6bITh A06peBMaTypa Ha3BaAHNA, TIOXKANTYIICTA, UTUDYIITe
HOJTHOE Ha3BaHMe.

Bubmorpaduyeckue JaHHbIE IUTUPYIOTCA IO IO-
PARKYy: TOfI, ToM, cTpanuia. O6sA3aTeNbHO IPUBOAUTCA
Homep DOI (Digital Object Identifier) (npu namrunn),
Hanpumep:

1. Moczo J., Pukanszky B. Polymer micro and
nanocomposites:  Structure, interactions, properties
(Review). Journal of Industrial and Engineering Chemistry
2008;14(5):535-563. DOI: 10.1016/j.jiec.2008.06.011.

5.2. Kuurn

J. Barker, in Catalyst Deactivation, ed. B. Delmon and
C. Froment, Elsevier, Amsterdam, 2nd edn., 1987, vol. 1,
ch. 4, pp. 253-255.

5.3. IlaTeHTBI

Br. Pat., 357 450, 1986. US Pat., 1 171 230, 1990.

5.4. Coo6menns, GronIeTeHn n T. Ji.

R. A. Allen, D. B. Smith and J. E. Hiscott, Radioisotope
Data, UKAEA Research Group Report AERE-R 2938,
H.M.S.0O,, London, 1961.

5.5. Marepuaibl, HpegcTaBIeHHbIe HA KOH(epeH-
MAX

H. C. Freeman, Proceedings of the 21st International
Conference on Coordination Chemistry, Toulouse, 1980.

5.6. Iuccepranmsa

A. D. Mount, Ph.D. Thesis, University of London,
1977.

5.7. CCBUIKM Ha HeOIyOIMKOBAaHHBII MaTepya

Jlyisi MaTepuasioB, IPeJCTAaBIeHHBIX HAa KOH(epeH-
LVsAX, KOHTpeccax 1 T. A., HO He ONMyOIMKOBaHHbIX, MC-
0JIb3yeTCsl CIeAyommas popma.

A.R.Jones. Presented in part at the 28th Congress of
the International Union of Pure and Applied Chemistry,
Vancouver, August, 1981.
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Tt MarepuasnoB, OfOOPEHHBIX /I IyOIMKALUY,
HO ellje HeOIlyO/IMKOBAaHHBIX, MICIIO/Ib3yeTCs CTIeyoIast
dopma:

A. R. Jones. Dalton Trans., 2003. DOI: 10.1039/
manuscript number.

Ecmm DOI n3BecTHBI, OHM JO/DKHBI ObITH IIpUBefe-
HBL.

Jlyst MaTepuaoB, IPeCTaBIeHHbIX HAa PacCMOTpe-
HIe, HO TI0KA He IIPUHATHIX, UCIIONb3YeTCs CIefyolast
¢dopma:

A.R. Jones, Angew. Chem., submitted.

151 IepCOHAIbHBIX COOOIeH It

G. B. Ball, personal communication.

Ecnu matepnas o/DKeH ObITh OIyOIMKOBAH 1 yKe
paccMoTpeH, caegyoiast popMa MCIONb3YeTCs:

G. B. Ball, unpublished work.

CcplIKa Ha HeOIyO/IMKOBAHHYI0 PaboTy He JO/DKHA
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6bITh Ge3 paspelleHns TeX, KTO BBIIOMHSM JAHHYIO pa-
6ory.

5.8. IIporpammHoe obecrneuenne

E James, AIM2000, version 1.0, University of Applied
Sciences, Bielefeld, Germany, 2000.

T. Bellander, M. Lewne and B. Brunekreef,
GAUSSIAN 3 (Revision B.05), Gaussian Inc., Pittsburgh,
PA, 2003.

5.9. Online-ucroyHuk (BKI04as 6asbl JaHHBIX)

TToxanyiicTa, orMedaiiTe Hamboee BaXKHYIO MH-
¢opmarpuio, Brtogaroutyto I'KJI v 6a3bl JaHHBIX.

1. The Merck Index Online, http://www.rsc.org/
Merck-Index/monograph/mono1500000841, (accessed
October 2013).

2. ChemSpider, http://www.chemspider.com/
Chemical-Structure.1906.html, (accessed June 2011).



Preparing your article for submission

1. ORGANISATION OF MATERIAL

Presented instructions for authors are similar to ones
for RSC journals.

Article templates can be found at: http://www.rsc.
org/Publishing/Journals/guidelines/ AuthorGuidelines/
AuthoringTools/Templates/index.asp

1.1. Full papers

Publication should be written briefly, carefully edited
by the authors, it should include all the necessary parts,
and be easily comprehensible, and study results should be
clearly intelligible and reproducible.

The journal is bilingual (English and Russian). Au-
thors can submit a paper in one language only, except
for certain items listed below. Editorial board takes the
responsibility for translating your article into another
language. Payment for the publication of a paper is not
taken. All papers are published at no charge to the au-
thors after scientific review.

1.1.1. Title

The text of the manuscript begins with the title of
the paper, which should attract the maximum reader's at-
tention, fully and accurately describe the content of the
article, but at the same time be short and clear. Lengthy
systematic names and complicated and numerous chemi-
cal formulae should therefore be avoided where possible.
The use of abbreviations in a title should be avoided as
well. If the publication is a serial communication, its title
is complemented by a footnote (to the serial number of
the communication), giving reference to the preceding
work, for example "Communication 8 see 1". Serial com-
munications are numbered in Arabic numerals.

1.1.2. Author names

Full names for all the authors of an article (in Rus-
sian and English transcription) should be given. To give
due acknowledgement to all workers contributing to the
work, those who have contributed significantly to the re-
search should be listed as co-authors. On submission of
the manuscript, the corresponding author attests to the
fact that those named as co-authors have agreed to its
submission for publication and accepts the responsibility
for having properly included all (and only) co-authors.
The corresponding author signs a copyright licence on
behalf of all the authors.

1.1.3. Table of contents entry

This entry may include a colour image (figure,
graphic) (no larger than 8 cm wide and 4 cm high), and
20-30 words of text that highlight the main aspects of
your work.

Graphics should be as clear as possible, simple sche-
matic diagrams or reaction schemes are preferred to
ORTEP-style crystal structure depictions and compli-
cated graphs. All lettering on the image should be written
in English.

1.1.4. Abstract

Every paper must be accompanied by a summary
(120-250 words) setting out briefly and clearly the main

objects and results of the work; it should give the reader
a clear idea of what has been achieved. The summary
should be essentially independent of the main text; how-
ever, names, partial names or formulae of compounds
may be accompanied by the numbers referring to the
corresponding displayed formulae in the body of the
text. Please bear in mind that readers increasingly use
search engines (keywords) to find literature; recognisa-
ble, searchable terms and keywords (presented in Russian
and English) should be included in the abstract to enable
readers to more effectively find your paper. The abstract
should not include any experimental data, abbreviations
and references to literature.

1.1.5. Introduction

In first paragraphs of the main text known literary
information on the research question is briefly discussed,
attention to the importance of this field of knowledge in
the context of reader’s interests is drawn. Further disad-
vantages of the known methods, which are important
for eliminating, are defined, and the prospects offered in
the case of successful problem solving are outlined. The
introduction should clearly and briefly, with relevant re-
ferences identify the goal, the relevance of research, the
problem and ways to resolve it.

1.1.6. Results and discussion

Then it is necessary to discuss and explain the results
obtained in the research, to analyze the synthesis features,
demonstrate and discuss possible limitations. The text
summarizes and explains only those spectral data which
are used to confirm the structure of the compounds ob-
tained. Recitation of the same data in the text, tables and
figures is not allowed. For new methods of synthesis, it is
desirable to discuss the reaction mechanism. The main
text of the paper concludes with brief conclusions that
should not repeat the abstract.

1.1.7. Experimental

Instruments used for obtaining physicochemical
characteristics of the substances should be provided at
the beginning of the experimental section, sources of the
nontrivial reagents used should be specified (e.g., "com-
mercial preparations, name of the company") or refer-
ences for their synthesis should be given. Each paragraph
of the experimental section describing the preparation of
the particular compound should contain its full name ac-
cording to TUPAC rules and its serial number. Adequate
evidence of the structure attributed to newly synthesized
compounds and data confirming the identity and degree
of purity of these compounds should be presented. For
known substances synthesized by previously published
method a link to the published data should be provid-
ed. If, in the opinion of the reviewer or editor, the new
compounds have not been adequately characterized, the
article will not be accepted for publication. The editor
can take an article that does not contain all the required
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physicochemical parameters of the new compounds, if he
believes that the given data are sufficient.

1.1.8. Conclusion

This is necessary for interpretation and to highlight
the novelty and significance of the work. The conclusion
should not summarise information already present in the
text or abstract.

1.1.9. Acknowledgements

Contributors other than co-authors may be acknowl-
edged in a separate paragraph at the end of the paper;
acknowledgements should be as brief as possible. All
sources of funding should be declared.

1.1.10. Dedications

Personal dedications of an appropriate nature may be
included as a footnote to the title of the paper. Dedica-
tions for significant birthdays (from 60 years onwards)
and in memoriam dedications would be considered ap-
propriate. Other forms of dedication should be approved
by the chief editor.

1.1.11. Bibliographic references and notes

These should be listed at the end of the manuscript
in numerical order.

1.2. Communications

Communications should contain a summary of sub-
stantially new results, application methods, of common

2. STYLE AND PRESENTATION

2.1. Brevity

Papers should be written clearly and concisely. Rep-
etition or embellishment with unnecessary words or
phrases is not allowed. Excessive use of diagrams and du-
plication of data in text, tables and figures is discouraged.

2.2. Language

The journal is bilingual (English and Russian). Au-
thors can submit a paper in one language only, except
for certain items listed below. Editorial board takes the
responsibility for translating your article into another
language. Payment for the publication of a paper is not
taken. All papers are published at no charge to the au-
thors after scientific review.

2.3. Abbreviations

The use of common or standard abbreviations is en-
couraged. If non-standard abbreviations must be used
these should be defined at the first use.

3. FIGURES AND GRAPHICS

3.1. Preparation of figures and graphics

Artwork should be submitted at its final size so that
reduction is not required. The appearance of graphics is
the responsibility of the author.

« Figures and graphics should fit within either single
column (8.3 cm) or double column (17.1 cm) width, and
must be no longer than 23.3 cm.

« Graphical abstracts should be no larger than 8 x
4 cm.

« Schemes and structures should be drawn to make
best use of single and double column widths.

3.1.1. Graphs

i) bad examples
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interest or task-oriented research that require establish-
ing priority.

1.2.1. Text

No section headings are used in Communications.
Brief details of key experiments are permitted but lengthy
introductions and discussion, extensive data, and exces-
sive experimental details and conjecture should not be
included. The experimental evidence supplied by refer-
ences is necessary for the assessment of the work and for
eventual publication in a separate supplementary file.

1.2.2. Figures and tables

Figures and tables should be kept to a minimum
and only those which are essential to understanding the
Communication.

1.3. Reviews

Authors wishing to publish a review or a mini-review
paper, should prior approve its topic with the editorial
board of, presenting a detailed (1-2 pages) annotation
containing information on the main sections of the re-
view, a time period coverage of literature and previous
reviews on the topic.

The review should be comprehensive, critical and de-
scribe the latest research.

2.4. Use of italics

Foreign words and phrases and Latin abbreviations
are given in italics: e.g., in toto, in vivo, ca., cf., i.e.

In the names of chemical compounds or radicals ital-
ics are used for prefixes (other than numerals or symbols)
when they define the positions of named substituents, or
when they define stereoisomers: other prefixes are printed
in roman. (Note: Initial capital letters are not to be used
with italic prefixes or single-letter prefixes: full stops are
not to be associated with letter prefixes.) For example, o-,
m- and p-nitrotoluenes, but ortho-, meta- and para- com-
pounds (o0-, m- and p- are used only with specific names;
ortho-, meta- and para- are used with classes), N,N-di-
methylaniline, trans- and cis-bis(glycinato)platinum(II),
gem- and vic-diols, benzil anti-oxime.

The names of journals or their abbreviations are set
in italics.

Both examples above (A and B) will not reproduce
well due to the following problems:

« Example A has not been provided at the required
resolution and size so it will appear unclear and blurry
in the final paper.

« Example B:

- yellow lines will not appear faint

- red and green are bad choices, with low visibility,
particularly to colour-blind people

- in graphs, broken, dashed and dotted lines should
be used rather than colour

- faint writing, overlapping writing and unusual
fonts should be avoided

ii) good example
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Example A

Example C will reproduce well:

« Image is legible and clear to the reader as it has been
provided at the correct size [single column (8.3 cm) or
double column (17.1 cm) width].

« Lines should be black, of an adequate and even
thickness (e.g. 1 pt) and curves should be smooth.

« Broken, dashed, dotted lines and simple geometric
symbols: such as should be used rather than colour.

« Lettering used in graphics should be legible at the
required size (e.g. 7 point Arial font or Helvetica if Arial
is unavailable).

« The format of units in graphics should conform to
TUPAC convention and be consistent with those used in
the paper.

3.2. Photographs

« Photographs should be provided at the best reso-
lution available (minimum 300 dpi) at a reasonable size
(unlike Photo A). Biography photographs should be
40 mm x 50 mm. All other photographs should conform
to the regular figure sizes (see section 3.1).

« Reproduction of black and white photos is far supe-
rior to that of colour photos.

Colour photos reproduction will be provided only
online.

3.3. Chemical Structures

Structural formulae should ideally be prepared with
chemistry drawing software (e.g. ChemDraw, ChemWin-
dows, ISIS/Draw), similar to Royal Society Chemistry
journals (Apply as Document Setting default RSC).

Example B
LA 7 675°C '
01| =
0zf
N3 F =
-0,05B
04F -0,10B E
-0,15B
05 =
s E
1 1 1 1 1
0 08 1 15 2
5, c
Example C

3.4. Crystal structure images

The data of X-ray analysis should be presented as
a picture of the molecule with numbered atoms, for ex-
ample C(1), N(3) (to present atoms as ellipsoids of the
thermal vibrations if possible). Complete crystallograph-
ic data, tables of atomic coordinates, bond lengths and
valent angles, temperature factors will not be published in
the journal, and are deposited in the Cambridge structur-
al data bank (the registration number of deposited struc-
ture should be indicated in the paper) or are presented in
the supplementary file.

Photo A

Photo B
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3.5. Colour figures
Colour figure reproduction will be provided only
online.

4. CHARACTERISATION OF NEW COMPOUNDS

4.1. General guidance

It is the responsibility of authors to provide fully
convincing evidence for the homogeneity and identity of
all compounds they claim as new, or known compounds
made by a new method. Evidence of both purity and
identity is required to establish that the properties and
constants reported are those of the compound with the
new structure claimed.

A compound is considered as new (a) if it has not
been prepared before, (b) if it has been prepared before
but not adequately purified, (c) if it has been purified but
not adequately characterized, (d) if, earlier, it has been as-
signed an erroneous constitution, or (e) if it is a natural
product isolated or synthesized for the first time.

For all newly synthesized compounds it is necessary
to provide evidence of the structure attributed to and
data confirming the identity and degree of purity of these
compounds. In particular, the elemental analytical data
or high-resolution mass spectra as well as "H or *C NMR
spectra should be presented. For known substances syn-
thesized using previously published methods a link to the
published data should be given. For known substances
obtained by new or modified methods their physical and
spectral characteristics used to confirm the identity of the
structure, method of synthesis and the reference to the
literature data should be presented.

4.2. Characterisation within chemical biology

Where compounds are synthesised for testing in bio-
logical systems, sufficient evidence for purity and identity
must be provided such that the results of the experiment
may be trusted.

Authors should provide rigorous evidence for the
identity and purity of the biomolecules described. The
techniques that may be employed to substantiate iden-
tity include mass spectrometry, LC-MS, sequencing data
(for proteins and oligonucleotides), high field 'H or *C
NMR, X-ray crystallography. Purity must be established
by one or more of the following: HPLC, gel electrophore-
sis, capillary electrophoresis, high field '"H or *C NMR.
Sequence verification also needs to be carried out for nu-
cleic acid cases involving molecular biology.

4.3. Presentation of experimental data

Data associated with particular compounds should
be listed after the name of the compound concerned,
following the description of its preparation. The follow-
ing is suggested as the order in which the most commonly
encountered data for a new compound should be cited:
yield, melting point, optical rotation, refractive index, el-
emental analysis, UV absorptions, IR absorptions, NMR
spectrum, mass spectrum. Appropriate formats for the
citation of each are as follows.

4.3.1. Yield

In parentheses after the compound name (or its
equivalent). Weight and percentage are separated by a
comma, e.g. the lactone (7.1 g, 56 %).
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4.3.2. Melting point

In the form mp 75 °C (from EtOH), i.e. the crystalli-
zation solvent in parentheses. If an identical mixed melt-
ing point is to be recorded, the form mp and mixed mp
75 °C is appropriate.

4.3.3. Optical rotation

The units should be stated in the preamble to the Ex-
perimental section, e.g. [a], values are given in 10~ deg
cm’ g™, Shown in the form [a] > -22.5 (¢ 0.95 in EtOH),
i.e. concentration and solvent in parentheses.

4.3.4. Refractive index

Given in the form n > 1.653.

4.3.5. Elemental analysis

In the presentation of elemental analyses, both forms
(Found: C, 63.1; H, 5.4. C ,H NO, requires C, 63.2; H,
5.3 %) and (Found: C, 62.95; H, 5.4. Calc. for C ;H ,NO,:
C, 63.2; H, 5.3%) are acceptable. For identification pur-
poses for new compounds, an accuracy to within +0.3%
is expected, and in exceptional cases, to within +0.5%
is required. If a molecular weight is to be included, the
appropriate form is: [Found: C, 63.1; H, 5.4%; M (mass
spectrum), 352 (or simply M+, 352). C ,H JNO, requires
C, 63.2; H, 5.3%; M, 352].

4.3.6. UV absorptions

These are given in the form A _(EtOH)/nm 228
(e/dm® mol™ cm™ 40 900), 262 (19 200) and 302 (11 500).
Inflections and shoulders are specified as 228infl or
262sh. Alternatively the following form may be used: A
(EtOH)/nm 228, 262 and 302 (¢/dm3 mol™! cm™ 40 900,
19 200 and 11 500). log £ may be quoted instead of &.

4.3.7 IR absorptions

As follows: v /cm™ 3460 and 3330 (NH), 2200
(conj. CN), 1650 (CO) and 1620 (CN). The type of sig-
nal (s, w, vs, br) can be indicated by appended letters (e.g.
1760vs).

4.3.8 NMR data

Instrument frequency, solvent, and standard should
be specified. If the used standard for NMR spectra is not
TMS, the chemical shift of such standard should be in-
dicated.

For all spectra § values should be used, with the nu-
cleus indicated by subscript if necessary (e.g. 8, 5.). A
statement specifying the units of the coupling constants
should be given in the preamble to the Experimen-
tal section, e.g. J values are given in Hz. For example:
§,(100 MHz; CDCL; Me,Si) 2.3 (3 H, s, Me), 2.5 (3 H,
s, COMe), 3.16 (3 H, s, NMe) and 7.3-7.6 (5 H, m, Ph).
A broad signal may be denoted by br, e.g. 2.43 (1 H, br
s, NH). To indicate the position of the hydrogen atoms
notations as H-3, H-2,6 (for aromatic protons) or 3-CH,
4,5-CH2 (for aliphatic protons) should be used. Protons
in complex groups to which a signal can be assigned
should be underlined as 3.17-3.55 (4H, m, N (CH,CH,),);
for the indication of substituents position notations as
3-CH, should be used; to specify the position of atoms



indications as C-3, N-4 should be used, and so on. If any
signal in a spectrum is described as a doublet, a triplet,
a doublet of doublets and so on (rather than a singlet or
multiplet) it is necessary to provide corresponding spin-
spin coupling constant (SSCC). If additional research to
determine the structure or spatial interactions of atoms
were conducted two-dimensional methods used should
be specified. In the 13-C NMR spectra assignment of par-
ticular signal to a specific carbon atom is provided only
when the determination was carried out on the basis of
two-dimensional experiments.

Examples of record:

1H NMR (400 MHz, CDCI3), §, ppm (J, Hz): 0.97
(3H, t, ] = 7.0, CH,); 3.91 (2H, q, ] = 7.0, COOCH,);
4.46 (2H, d, ] = 6.1, NCH2); 7.10-7.55 (9H, m, H-6,7,8,
NHCH,CH,); 7.80 (1H, s, H Ar); 7.97 (1H, ¢, H-5 ); 8.13
(1H,d.D,J=82,] =23, H-5); 11.13 (1H, s, NH).

NMR 13C (100 MHz, DMSO-d6), §, ppm (J, Hz):
36.3 (CH,CH,); 48.5 (C-5); 62.3 (CH,CH,); 123.0 (C Ar);

125.8 (d, 2JCF =26.1, C-3', 5" Ar); 128.9 (C Ph); 134.4 (C-
5a); 168.3 (C = MO).

4.3.9. Mass spectrometry data

Given in the form: m/z 183 (M+, 41%), 168 (38), 154
(9), 138 (31) etc. The molecular ion may be specified as
shown. Relative intensities in parentheses (% only in-
cluded once). Other assignments may be included in the
form m/z 152 (33, M - CH,CONH,). Metastable peaks
may be listed as: M* 160 (189->174), 147 (176->161), etc.
The type of spectrum (field desorption, electron impact,
etc.) should be indicated. Exact masses quoted for identi-
fication purposes should be accurate to within 5 ppm (EI
and CI) or 10 ppm (FAB or LSIMS).

4.3.10. Literature citations

Comparison with literature values should be quoted
in parentheses, e.g. mp 157 °C (from chloroform) (lit.,"
156°C), or v,__/em™ 2020 and 1592 (lit., 2015 and 1600).

4.3.11. Experiments involving microorganisms

For work involving microorganisms, sufficient detail
should be provided to identify the species being used.
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For material accepted for publication, but not yet
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plied Sciences, Bielefeld, Germany, 2000.

T. Bellander, M. Lewne and B. Brunekreef, GAUSS-
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