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SYNTHESIS AND INVESTIGATION OF BARIUM TITANATE STANNATE

SOLID SOLUTION

V.I. Vernadsky Institute of General and Inorganic Chemistry of the National Academy
of Sciences of Ukraine, 32/34 Academic Palladin Avenue, Kyiv, 03142, Ukraine

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

Solid solutions of barium titanate-stannate, Ba(Ti,Sn)O3; have been investigated. The
sequence of phase transformations during the synthesis by solid state reactions
technique has been determined, crystallographic and microscopic examinations of
polycrystalline ceramics based on Ba(Ti,Sn)O3 solid solutions have been carried out.
The laws governing the change in crystallographic parameters and the average grain
size asa function oftin content have been shown. Electrophysical investigations of
the obtained ceramics have been carried out. It has been found that the dielectric pa-
rameters (e andtgd) of Ba(Ti,Sn)Os-based ceramics can be improved and their sin-
tering temperature can be reduced by the addition of 0.5 wt.% manganese oxide(IV)
and 2 wt. % of low-melting glass-forming admixture AST (ALO3-SiO,-TiO,). It has
been shown that the obtained materials have promise in creating ceramic capaci-
tors based on them.

Keywords: solid solutions, barium titanate-stannate, admixtures, crystallography,
electron microscopy, dielectric measurements.

INTRODUCTION. The capacitor materi-
als used in modern electronics must have a
high permittivity (¢ >10000) and low dielec-
tric loss (tg 8). One of the possible directions
of creation of capacitor materials with high
permittivity values is the use of solid solu-
tions based on barium titanate BaTiO; [1].
Large room temperature permittivity is due
to the existence of ferroelectric properties of
barium titanate. In barium titanate, the tran-
sition from ferroelectric to paraelectric state

(Curie temperature, Tc) occurs at 120 °C. In
substitution solid solutions Ba(Ti,Sn)O3,
howewver, Tc shifts to the lower-temperatures
region. In this case, the value of room
temperature permittivity of the solid solution
increases to 5000-8000 [2, 3]. During the
sintering of ceramic samples based on
Ba(Ti,Sn)O; solid solutions in air at high
temperatures (~1400 °C), a partial reduction
of titanium (Ti** — Ti**) and an increase in
average grain size are observed. This leads

© O.1. V’yunov, L.L. Kovalenko, A.G. Bilous, 2019
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to an increase in dielectric loss and relaxa-
tion contribution to permittivity. the partial
Ti** reduction, in particular at grain bounda-
ries, can be prevented by adding transition
3d-metal oxides (Fe,O; and MnQO,) to the
ceramic [4], which segregate on the surface
of grains and form a core/shell structure [5],
which leads to a reduction in dielectric loss
[6]. The fine-grained structure is formed
due to sintering temperature reduction when
adding low-melting glass-forming com-
pounds [7]. The AST admixture (Al,O5;—
SiO,—TiO, in a 1:1:0.5 ratio) proved to be
efficient for control of the sintering tempera-
ture of BaTiO; based semiconducting ceram-
ics [8]. It may be expected that by adding
admixtures that affect the processes of par-
tial reduction of titanium and formation of
ceramic microstructure one can improve the
dielectric parameters (reduce the dielectric
loss) of ceramics based on Ba(Ti,Sn)O; solid
solution and create capacitor materials with
properties required for practical use.

The aim of this work was to investigate
the formation conditions of Ba(Ti,Sn)O; sol-
id solutions in their synthesis by the solid-
state reactions technique and the effect on
the electrophysical properties of MnO, and
AST (Al,O;-Si0,—TiO,) admixtures.

EXPERIMENT AND DISCUSSION OF
THE RESULTS. The synthesis of Ba(Ti,Sn)O;
solid solutions was carried out by solid-state
reactions technique. The starting reagents for
the synthesis of Ba(Ti,Sn)O; were highly
pure barium carbonate, tin and titanium ox-
ides. To reduce the sintering temperature
and to form a fine-grained core/shell struc-
ture of ceramic samples, 2 wt. % low-
melting AST admixture and 0.5 wt. %. man-
ganese oxide MnO, were added. The mixing

and milling of the starting reagents were car-
ried out in a Fritsch Pulverisette planetary
mill. Samples were pressed from the ob-
tained powders. Sintering was performed at
1100-1400 °C for 2 h in a KSL1700X high-
temperature furnace, which allowed us to ob-
tain dense (5.75-5.8 g/cm®) ceramics. The
X-ray phase analysis was carried out on a
DRON-4-07 diffractometer (CuK,- radiation,
Ni-filter). Certified SiO, (20 standard) and
Al,O; (intensity standard) were used as ex-
ternal standards. To interpret the data, the
PDF-2 (ICDD) database was used. The mi-
crostructure was inwestigated on a SEC
miniSEM SNE 4500MB scanning electron
microscope (SEM). The elemental composi-
tion of films was studied with the aid of
EDAX Element PV 6500/00 F spectrometer,
which is part of this microscope.

The dielectric parameters were studied
by means of Tesla VM 560 Q-meter (at a
frequency of 10° Hz) and impedance spec-
troscopy in a frequency range 1-10" Hz us-
ing 1260 Frequency Response Analyzer and
1296 Dielectric Interface (Solartron). The
data were analyzed using the Zview software
(Solartron). The obtained frequency depend-
ences of the complex impedance, Z"= f (Z')
were used to calculate permittivity and dielec-
tric loss: tg & = ZVZ", Y" = Z"/(Z*% + Z2'°); ¢
= Y"2nfgy, where ® = 2nf; where f is the
frequency, Hz, g, is the dielectric constant
(8.854-107** F/m).

The sequence of phase transformations
during the synthesis of Ba(Ti,Sn)O; solid
solution was studied by differential thermal
and X-ray phase analyzes (fig. 1, a, table 1).
The DTA curves exhibits only one endo ef-
fect at 820 °C, which is associated with the
polymorphic transformation of barium car-
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Fig. 1. Thermograms of a BaCO3-TiO2—SnO>
mixture (a) and X-ray pattern of Ba(Ti,Sn)O3
ceramic (b) depending on tin content (mol. %) O
(1), 0.25 (2). Tsint = 1400 °C.

Tablel
Phase composition of the BaCOsTiO>SnO;
mixture during the synthesis of Ba(Ti,Sn)Os

T,°C Phase composition
20-600 Y- BaCOs, SnOs,, TiOz

700 v-BaCOs3, SnO,, TiO,

800 v-BaCQOs, SnO;, TiO,, BaTiO3

900 B-BaCOs, SnO;,, Ba;TiOy, TiO,,
BaTi40g BaTi03

1000 B-BaCOs, SnO,, BaTiOs, Bap TiOy,
TiOz, BaTi409

1100 Ba(Ti,Sn)O3

1200 Ba(Ti,Sn)O3

1300 Ba(Ti,Sn)O3

bonate: the change of y-BaCO; to -BaCOs. It
is known that individual barium carbonate
decomposes at a temperature above 1360 °C
[9-11]. However, the decomposition of bari-

um carbonate in a mixture is accompanied
by temperature decrease [12, 13] and is a
long-duration process [14], which occurs in
a wide temperature range and terminates at
about 1100 °C. According to the results of
X-ray phase studies, a gradual decrease in
the percentage of the barium carbonate and
titanium dioxide phases and a gradual in-
crease in the percentage of the barium titan-
ate phase are observed in the temperature
range of 600-900 °C. In the temperature
range 900—-1000 °C, intermediate phases of
barium orthotitanate (Ba,TiO,) and barium
tetratitanate (BaTi,Og) phases have been
found. The formation of intermediate phases
is explained by the long-duration process of
barium carbonate decomposition in the mix-
ture for the synthesis by solid-state reactions
technique.

At a temperature of 1000 °C, traces of
titanium oxide, barium orthotitanate and
tetratitanate of have been found, and the in-
tensity of barium titanate reflections increas-
es. At 2001000 °C, a tin oxide phase is ob-
served. Only at temperatures of 1100 °C and
higher, a shift in the position of barium ti-
tanate reflections is fixed, indicating the
formation of a Ba(Ti, Sn)O; solid solution.
In the temperature range 1100-1400 °C, a
single-phase barium titanate-stannate solid
solution is formed.

When the tin content is increased to 15
mol. %, a transition of the tetragonal phase
to a cubic one is observed (X-ray patterns
show a decrease in the splitting of lines with
Miller indices 224 and 422) in the
Ba(Ti,Sn)O; system at room temperature
(fig. 1, b)). The transition of the tetragonal
phase to cubic at room temperature occurs at
a tin content of 12 mol. %. Increasing the tin
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content of the Ba(Ti, Sn)O; solid solution
leads to an increase in the unit cell volume
(fig. 2).

a, c, pm

406

0 10 20 30 mol%
Ve10° pm

66

651 b

% 10 20 %
Fig. 2. Dependence of the unit cell parameters
(@) and volume (b) of the Ba(Ti,Sn)O3; cera-
mic on tin content. Tsint = 1400 °C.

mol.%

Photographs of the microstructure of
Ba(Ti, Sn)O; solid solutions as a function of
tin content are shown in fig. 3.  When the
degree of isovalent substitution of titanium
by tin increases, the ceramic grain size in-
creases from 50 um (0 mol %) to 130 pum
(15 mol %).

Fig. 3. Microstructure of the Ba(Ti,Sn)O3 cera-
mics with different tin (mol.%): 9 (a); 11 (b); 13
(C), 15 (d), XlOOO Tsint = 1400 OC.

The increase in the average size of cera-
mic grains on the substitution of titanium by
tin in barium titanate can be accounted for
by sewveral factors. The first factor is the
formation of a eutectic liquid phase between
grains during ceramic sintering, which was
proved by the identity of the positions of
thermal effects on the derivatograms of the
systems BaTiO;—BaCO;-SnO, and BaTiO;—
BaCO;-TiO, in the temperature range of
the formation of the BaTiO3;—BagTi; 70,
eutectic phase [15, 16]. Besides, when an ion
of smaller size (Ti**cy =6 = 60.5 pm) is sub-
stituted by an ion of larger size (Sn**cn=¢ =
69 pm), mechanical stresses and strains ap-
pear in crystals, which contribute to the ac-
celeration of diffusion processes and give
rise to grain growth [17, 18].

The results of studying the dielectric
characteristics (e and tg 8) of Ba(Ti,Sn)O;
solid solutions in a temperature range of 20—
70 °C as a function tin content are shown in
fig. 4. When the tin content is increased, the
position of the maximum g, is shifted to-
wards room temperature (from 40 to 20 °C)
with simultaneous increase in g, Value
from 4500 to 6500 (fig. 4, a,b)). Further in-
creasing the tin content results in a shift of
the position of the maximum g, to below
room temperature (fig. 4, c,d)). In the room
temperature range, the permittivity value de-
creases in accordance with Curie-Weiss law,
I.e. proportionally with 1/T. This tempera-
ture dependence of & is typical of
paraelectrics near the phase transition
region.

The plots of dielectric loss vs tempera-
ture for Ba(Ti,Sn)O; solid solutions also
axhibit maxima in the phase transition
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Fig. 4. Plots of ¢ and tgd vs temperature
for the Ba(Ti,Sn)O3 ceramic at a frequency of 1
MHz depending on tin content (mol.%): 9 (a);
11 (b); 13 (c); 15 (d). Tsint = 1400 °C.

region, and the higher the €., Value, the
higher tg 8. For instance, at 1 MHz at a tin
content of 9 mol. %, e, and tgd are 4500
and 0.1, respectively, and at a tin content of
11 mol.%, 6500 and 0.2 (fig. 4, a,b)). The
increase in dielectric loss tgd depending on
the tin content of the Ba(Ti, Sn)O; solid so-
lution is associated with an increase in
average grain size.

To reduce the grain size by decreasing
the sintering temperature and thus to im-
prove the dielectric characteristics, 0.5 wt. %
MnO, and 2 wt. % of low-melting glass-
forming admixture AST were added to the
Ba(Ti,Sn)O3; solid solution. In this case, ce-

ISSN 0041-6045.

ramic with a maxi-mum density (5.75-5.8
g/cm®) is formed at a sintering temperature
of 1100 °C, where as without admixtures,
ceramics with this densi-ty are formed only
at high temperatures (1400—1450 °Q).

&
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Fig. 5. Plots of ¢ and tgo at 1 MHz vs tempera-
ture (a) and frequency (b) for the
Ba(Tip.s9Snp11)O3 ceramic with manganese 0x-
ideand AST admitures (b). Tsine = 1100 °C.

Fig. 5 shows plots of £ and tg & vs tem-
perature (at 1 MHz) and frequency for the
Ba(Ti, Sn)O; ceramic with admixtures of 0.5
wt. % MnO, and 2 wt. % AST. As is seen
from fig. 5, a), when manganese oxide and
AST ad-mixtures are added to the
Ba(Ti,Sn)O; solid solution, the ceramic is
characterized by high permittivity values at
room temperature (e, ~13000), and at the
phase transition temperature, €, reaches
~16000. The value of dielectric loss tgo in
the temperature range of question 20-70 °C
does not almost change and is between 0.06
and 0.055 (at 1 MHz). Inwestigations of the
dielectric parameters (¢ and tgd) of the
Ba(Ti,Sn)O; ceramic showed the absence of
significant dispersion of them in a wide fre
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quency range of 1-10° Hz (fig. 5, b).

Fig. 6. Microstructure of the Ba(Tip.g9Sno11)03
ceramic: without admixtures (a), with admixtu-
res of AST (b), MnO; (c), AST and MnO;
(d). Tsint = 1100 °C.

Fig. 6 shows the microstructure of the
Ba(Ti,Sn)O; ceramic without admixtures,
with individual admixtures of AST, MnO,
and with the addition of a mixture of AST
and MnO, admixtures at a sintering tempera-
ture of 1100 °C. As is seen from the shown
micrographs, the grain size of the
Ba(Ti,Sn)O5; solid solution does not change
either on the addition of individual admix-
tures or on the addition of a mixture of ad-
mixtures. The improvement of dielectric
characteristics (high € values, low loss tgé
and low frequency dispersion of ¢ and tgo)
of the ceramic based on the Ba(Ti,Sn)O; sol-
id solution with AST and manganese (1V)
oxide admixtures is due to the formation
of a fine-grained structure of the core-
shell type at as low sintering temperature of
the material as 1100 °C.

The obtained experimental data indicate

the possibility of creating capacitor materials
with high dielectric parameters (g ~ 13000—
16000, tgd ~0.05-0.06 at 1 MHz) based on
Ba(Ti,Sn)O; solid solutions. These materials
have a low cost of starting reagents
(BaCO3, TiO,), can be prepare by a simple
technology (solid-state reactions technique,
low sintering temperatures, short holding
time, sintering in an air atmosphere) and can
be used in the creating nowel radio frequency
materials for the effective solution of the
problems of microminiaturization of modern
electronic equipment.

CONCLUSIONS. Barium titanate-
stannate solid solutions Ba(Ti,Sn)O; with
isovalent substitutions have been investigat-
ed. The sequence of phase transformations in
the process of the synthesis of the
Ba(Ti,Sn)O; solid solution with the for-
mation of intermediate barium orthotitanate
(Ba,TiO,) and tetratitanate (BaTi,Oq) has
been established. Crystallographic and mi-
croscopic investigations of cera-mics based
on Ba(Ti,Sn)O; solid solutions have been
carried out. Laws governing the variation of
crystallographic parameters (a, c, unit cell
volume V) and mean grain size as a function
of the tin content of Ba(Ti,Sn)O; have been
shown. It has been found that by adding
manganese oxide and low-melting admixture
AST, the dielectric parameters (¢ and tgo)
can be improved, and the sintering tempera-
ture of Ba(Ti,Sn)O;-based ceramics can be
reduced. The ceramics obtained at 1100 °C
are characterized by large permittivity values
at 1 MHz (¢ ~13000-16000) and low dielec-
tric loss (tgé ~ 0.05-0.06) in room tempera-
ture range. It has been shown that the ob-
tained materials have promise in creating
ceramic capacitors based on them.
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CHUHTE3 TA AOCJIIXXEHHA TBEPAUX
PO3YHHIB TUTAHATY-CTAHATY BAPIIO

0O.1. B’roHOB *, JI.JI. KOBAJIEHKO, A.I'. BU1OYC

Iucmumym 3acanonoi ma Heop2aHiuHOL XIMii
im. B.1. Bepnaocvkoco HAH Yxpainu,

npocn. Axademixa Ilannadina, 32/34, Kuis,
03142, Vkpaina

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

Bu3HaueHO yMOBH YTBOPEHHS TBEPAUX PO3-
yuHiB Ba(TiSn)O3, CHHTE30BaHUX METOIOM
TBepaoda3HUX peakiii Ta IOCTIDKEHO BILUIUB
nomimok MnO; ta AST (AkLO3-SiO,-TiO2) Ha
eJIEKTPUYH 1 BJIACTUBOCTI KepaMiki Ha iX OCHOBL
JloMiKku oaBainy Juis 3HUKEHHS TeMIlepaTy-
pU CHIKaHHS Ta YTBOPEHHS IpIOHO3EPHUCTOT
KepaMiki 1 CTPYKTYpH 3€peH THILY SA-
po/obononka. BcranoBiieHo ¢a3oBi mepeTBo-
PEHHs [IPY CUHTE31 TBEPIU X PO3YMH IB HA OCHOBI
Ba(Ti,Sn)O3. 3a 1omoMoror JOCTIKEHb PEHT-
TeHIBCBKA X TOPOIIKOBUX AM (paKTorpaM IOKa-
3aHO, mo mpu Temmeparypi 600900 °C 3meH-
IIEHHSI BMICTY KapOoHaTy Oapil0 Ta OKCHIy TH-
TaHy CYINPOBOKYETHCS 30UIBIIICHHSIM BMICTY
tutanary Oapio. Ilpu 900-1000 °C BusBieHO
npoMibkHi  ¢a3u  opTOTMUTaHaTy  Oapiio
(Ba2TiO4) i Terparutanary Gapiro (BaTizOyg). 3a
temneparypu 1100 °C i Buie 3MminieHHs peduie-
KCIB Ha pEHTreHorpaMi TUTaHaTy Oapito BKa-
3y€ Ha YTBOPEHHS TBEPJOTO PO3UUHY
Ba(Ti,Sn)Os.

30UTbIIeHHST BMICTY Sn IPUBOJAUTH JI0 3pOC-
TaHHSI CEPEAHBOTO PO3MIPY 3€PEH KepaMiKu Bil
50 mxMm ipu 0 % moz. Sn o 130 mxm mipu 15 %
MOJ. Sn, MO MOSICHIOETECSI YTBOPEHHSM €BTEK-
TUYHOI pIIKOi a3y MDK 3epHaMHU Ta MeXaHi4-
HUMH Hanpyramu i jiepopMartisMu, siKi MpHCKO-
PIOIOTH MU QY3 1iH 1 TPOIIECH.

JloCHipKeHO ~ mapamMeTpu  KpUCTaJMHO I
CTPYKTYpH (@, C, 00'eM elleMeHTapHOI KOMIpKH
V) Ta MIKpOCKONIYH1 OCOOJMBOCT1 (CepeH i
po3Mip 3epHa) kepamiku Ha ocHoBi Ba(T1,Sn)O3

ISSN 0041-6045. YKP . XIM . XXYPH ., 2019,

y 3aJIeXKHOCT1 BT BMicTy oJoBa. [Ipu 12 % Mo
Sn mepexia Bin TeTparoHanbHO1 70 KyO14HOT a-
31 BIIOYBAEThCA 32 KIMHATHOT TEMIEpaTypH.

BBeneHHs OKCHAY MapTaHII0O Ta HU3BKOII-
naBkoi gomimkd AST y kepaMmiky Ha OCHOBI
Ba(Ti, Sn)O3 mokpariye ioro gieieKTpUYHI mma-
pameTpu (€ itg ) Ta 3HMIKYE TEMIEpaTypy CI i-
kanHsg g0 1100 °C. Kepamika 3 0.5 % wmac.
MnO; 12 mac. % AST na 1 MI'1 ipu KiMHATHIi
TEMITepaTypi XapaKTepPU3YIOThCS BEIHUKOIO Jie-
JIEKTPUYHOKO MPOHUKHICTIO 1 HU3bKUMH JTieIIe K-
TpuuHuMu BTpatamu (¢ ~ 13000-16000, tg & ~
0.05-0.06). Lli excriepuMeHTaNbH1 JaH1 MOKa3a-
AU, 1O HAa OCHOBI TBEPAUX PO3YMHIB
Ba(Ti,Sn)O3 3 mocinimpKyBaHUMHU —JIOMIIKAMA
MOXXYTh OyTH pO3p00JIeH1 KOHJACHCATOPH1 MaT e-
piajy 3 BUCOKUMHU JICJICKTPHIHUMHU I1apamerpa-
mu. Taki Marepiain MalOTh HU3bKY BapTiCTh Xi-
migaux peareHTB (BaCOg3, TiO2), mpocTy Tex-
HOJIOT0 (MeToA TBepHO(a3HUX peakuid, Cii-
KalOThCS TP HH3BKIA TeMIlepaTypi MpOTIToM
KOPOTKOTO Yacy Ha IMOBITPi) 1 € MEepCIEeKTUBHU-
MU 7151 pO3pOOKH HOBHUX PaliloYacCTOTHUX MarT e-
planiB /Ui KepaMIYHUX KOHJEHCAaTOpIB.

KnwoduoBicmaoBa: TBepAl PO3YNHH, THTA-
HaT—CTaHaT Oapito, JOMIIIKM, KpPUCTAJIOrpa-
¢is, eneKTpOHHA MIKPOCKOMis, ieIeKTPUIHI
napameTpHu.

CUHTE3 U UCCJIEJOBAHUE TBEPJbIX
PACTBOPOB TUTAHATA-CTAHHATA
BAPUA

0.1 Boronos *, JIJI. Kopanenko, A.I'. benoyc

Hnecmumym obweil u Heopeanuueckou Xumuu
um. B.U. Bepnaockoeo HAH Yxpaunwl, npocn.
Axaoemuxa [lannaouna, 32/34, Kues, 03142,
Ykpauna

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

HccreioBanbl TBEP/IbIE PACTBOPHI THTAHATA-
cranHara Oapus Ba(Ti,Sn)Os3. YcraHnosieHa mo
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O.l. V’yunov, L.L. Kovalenko, A.G. Bilous

CIIC/IOBATENILHOCTh (Ja30BBIX MPEBPAIICHUI TTPH
CHHTE3¢ METOAOM TBEpAO(a3HBIX peaKIuid,
MPOBEJICHB KPHCTALIOTPA(QUICCKHE B MHKPO-
CKOITMYECKUE MCCIICTOBAHUS MOJMKPUCTATITHYC-
CKOM KepaMHKH Ha OCHOBE TBEPJBIX PACTBOPOB
Ba(Ti, Sn)O3. INoka3aHbl 3aKOHOMEPHOCTH H3-
MEHCHHS KpHCTAIorpaduuecKuX MmapamMeTpoB
U CpPEeTHEro pa3Mepa 3€peH B 3aBUCUMOCTH OT
cojepkaHu s ojoBa. [IpoBeeHbl 3eKTpo Pu3u-
YeCKUE HCCIICAOBAHUS TOJIYYCHHOW KepaMUKH.
YCTaHOBJIEHO, YTO TpPU JIOTIOJHUTEILHOM BBE-
nenuu 0.5 % mac. okcuna mapranua(lV) u 2 %
Mac. JIETKOIUIaBKOM cTekI1oo0pa3yromen mpu-
mecu AST (ALO3-SiO2-TiO2) MoxHO yimyd-
IMThH AUDJIEKTPUUECKUE mapaMeTpsl (€ 1tg d) u
CHU3UTH TEMIIEpATypy CIIEKaHUs KEPaMUKH Ha
ocHoBe Ba(Ti,Sn)O3. IMoka3aHo, 4To MOIy4EH-
HBIC MaTepuajbl SBJISIOTCS TMEPCHEKTHBHBIMU
IUIL CO3IaHUsl Ha WX OCHOBE KepaMHYECKHX
KOHJICHCATOPOB.

REFERENCES\
1. Xu Y. Ferroelectric materials and their ap-
plications.  (Amsterdam:  North-Holland,

Elsevier Science Publisher, B.V., 2013).

2. Bilous A., V'yunov O., Kovalenko L.
(Ba,Y)(Ti, Zr,Sn)O3-based PTCR materials.
Ferroelectrics. 2001. 254 (1): 91.

3. Saravanan R. Titanate Based Ceramic Die-
lectric Materials. (Millersville, PA: Materials
Research Forum LLC, 2018).

4. Miki T., Fujimoto A., Jida S. Anevidence of
trap activation for positive temperature coef-
ficient of resistivity in BaTiO3 ceramics with
substitutional Nb and Mnas impurities. Jour-
nal of applied physics. 1998. 83 (3):1592.

5. V’yunov O.I., Kovalenko L.L., Belous A.G.
The effect of isovalent substitutions and do-
pants of 3d- metals on the properties of ferroe-
lectrics-se-miconductors. Condensed Matter
Physics. 2003. 6 (2): 213.

6. Vivekanandan R., KuttyT.R.N. Grain bound-
ary layer ceramic capacitors based on donor-

doped Ba (Ti;—«Sny)Os. Materials Science
and Engineering: B. 1990. 6 (4): 221.

7. Holand W., Beall G.H. Glass ceramic tech-
nology. (New Jersey: John Wiley & Sons,
2012).

8. Belous A.G., Yanchevskii O.Z., V'yunov O.l.
The effect of ALO3-TiO,-SIO; additives on
properties  of  semiconductive BaTiOs.
Ukrainian Che-mistry Journal. 1995. 61
(1): 13.

9. Kresse R., Baudis U., Jager P., Riechers
H.H., Wagner H., Winkler J., Wolf H.U.
Barium and barium compounds. Ullmann's
encyclopedia of industrial chemistry. 2000:
621.

10. L’vov B.V., Ugolkov V.L. Kinetics of free-
sur-face decomposition of magnesium, stron-
tium and barium carbonates analyzed
thermogravimetrically by the third-law
method. Thermochimica acta. 2004. 409
(1): 13.

11. Maitra S., Chakrabarty N.,Pramanik J. De-
composition kinetics of alkaline earth car-
bonates by integral approximation method.
Cerdmica. 2008. 54 (331): 268.

12. Berbenni V., Marini A., Bruni G. Effect of
mechanical milling on solid state for-
mation of BaTiO3 from BaCO3-TiO; (rutile)
mixtures. Thermochimica acta. 2001. 374
(2): 151.

13. Manzoor U., Kim D.K. Synthesis of nano-
sized barium titanate powder by solid-state
reaction between barium carbonate and tita-
nia. Journal of Materials Science and Tech-
nology. 2007. 23(5):655.

14. Ashiri R., Nemati A., Ghamsari M. S., Sanjabi
S., Aalipour M. A modified method for bar-
ium titanate nanoparticles synthesis. Materi-
als Research Bulletin. 2011. 46 (12):
2291.

82 ISSN 0041-6045. YKP . XIM . XXYPH ., 2019, t.85, Ne 12



Synthesis and investigation of barium titanate stannate solid solution

15. Lee W.H., Tseng T.Y., Hennings D.F.K. Ef-

fects of calcination temperature and A/B ra-
tio on the dielectric properties of
(Ba,Ca)(Ti,Zr,Mn)O3 for multilayer ceramic
capacitors with nickel electrodes. Journal of

Dudarev E.F., lvanov K.V., Ivanov M.B.,
Kashin O.A., Naidenkin E.V. Grain bound-
ary diffusion and properties of na-
nostructured materials. (Cambridge: Cam-
bridge Int Science Publishing, 2007).

the American Ceramic Soci-ety. 2000 . 83 18.WangJ., Jiang S., Jiang D., Wang T.,Yao H.
(6): 1402. Ef-fects of Sn on the microstructure and die-

16. Makovec D.. Drofenik M. Microstruc- lectric _propertleS in _BaT|03-based ceramics.
] Ceramics International. 2013. 39
tural chan-ges during the reduc-

tion/reoxidation process in donor-doped (4): 3657.
BaTiO3 ceramics. Journal of the American
Ceramic Society. 2000. 83 (10): 2593.

17. Kolobov Y.R, Valiev R.Z,
Grabowveiskaya G.P., Zhilyaev AP,

Received 15.07.2019

ISSN 0041-6045. YKP. XIM. XXYPH ., 2019, .85, Ne 12 83



OIBUYHA XIMIA

VJIK 543.426 + 543.3

doi: 10.33609/0041-6045.85.11.2019.84-95

B.O. Knosak™, C.O. Jleawomok, C.A. Kyixiuenko, O.A. 3ano poxenb

®JIIOOPECHEHTHI XAPAKTEPUCTHUKM PO3UUHIB POJAMIHY 67K TA PO-
JAMIHY C Y BOJHO-MIIEJISIPHUX CEPEJOBUIIAX ITAP

Kuiscokuii nayionanvuuil ynigepcumem imeni Tapaca Lllesuenka,

8yn. Bonooumupcoeka, 64, Kuis, 01601, Ykpaina
*vikaklovak@ ukr.net

JlocnmipkeHo BIUIMB MOBEPXHEBO-aKTUBHUX PEYOBHMH PI3HUX THUMIB Ta iX cyMmimield Ha
(uIr0OpECIIeHTHI XapaKTepUCTUKA BOJHUX pO3dMHIB ponaminy 6K ta pogaminy C. Ilpo-
CIIIKOBAHO cleuu(iKy BIUIMBY JOBXKUHHU BYIJIEBOAHEBOIO paaukany karioHHux IIAP
Ha HTEHCUBHICTh (UIFOOPECIICHITIT BOAHUX PO3UMH B OApBHUKIB. BUsBIICHO HIBETIOIOYH I
BrutuB Jii HeioHHOT [TAP Triton X-100 Ha duroopeciieHTHI BIaCTUBOCTI acolliaTiB pojia-
miny 6K ta pogaminy C 3 rinpogodbHuMu Ta momipHo rigpo podnnmu karionaumu [1AP.
BcTaHOBIEHO 3MEHIIEHHS HTEHCHUBHOCTI CUTHANLy pojaMiny 60K y goMmillensipHuX po3-
ynHax aHioHHoi [TAP nopenuncynbgaty Hatpito. Edexr Bukopuctano mpu po3poOiri
YMOB (UIFOOPECIIEHTHOTO JeTeKTyBaHHs BMICTY aHioHHUX [TAP y Bogax.

KnmouoBi cunoBal (uoopecieHilii, MOBEPXHEBO-aKTUBHI pEUOBUHH, poaaMiH 6K,
ponamin C, noaemwicyibdar HaTpiro, HeTHImipuanHito ximopu, Triton X-100.

BCTVII. Cepen pi3HMX METOJIB aHa-
JTUYHOTO JETEKTYBaHHS (IIIOOpECLie HTHI
METOJU BIJ3HAYAIOTHCS BHUCOKOIO YYTJIMBI-
CTIO Ta BHOIPKOBICTIO, IO JO3BOJIIE TIPO-
BOJIUTH HE JIMIIE BH3HAYEHHS PI3HOMAHIT-
HUX PEYOBHH, a i OTpUMYyBaTU 1H(opMaIlio
11010 TX PO3MOITY Y KHMBHX KiiTuHax [1]. B
OCTaHHI POKHU K CYNpaMoOJIEKYJSIpHI cepe-
JIOBUII[A BCE YACTINIe BHKOPHUCTOBYIOThH TIO-
BEepXHEeBO-akTUBHI pedoBuHu (IIAP) nns
MPOBEICHHS aHAMITHIHHUX PEeaKIiid. 3aKOHO-
MIPHOCTI Ta CTIOCOOHW paIfioHaJIbHOTO BHUKO-
PUCTAHHA TaKUX CUCTEM JCTaTbHO BUBUYECHI y
pI3HUX METOJax aHalli3y, y TOMY YHCIi JJIs

cnektpootomeTpii [2]. [IpeameTom mocmi-
JoKeHHS € BIuiuB nipupoau [TAP Ta ix rigpo-
¢bob6HOCTI Ha curHan QmoopecteHIii Gaps-
HUKIB Yy pO34HMHaX. Bukopuctanus Mi-
HEJIIPHUX CHUCTEM JIa€ MOJKIUBICTH 301JIb-
IIUTY KBAHTOBI BMXOJHM, 1HTCHCHBHICTH
baroopectie i 1, BIAMNOBIIHO, 3HU3UTH Me-
K1 BUABJICHHS aHAIITIB 3aBAsIKH 3MiHI 1X ¢o-
TO(MI3MIHUX XapaKTEPUCTUK Ta XapakTepy
MikpooToueHss [3].

[ToBepxHEBO-aKTHBHI ~ PEYOBHHHU  IIIU-
POKO BHKOPHCTOBYIOTh y Oaratbox cdepax
JFOJICHKOT AismbHOCTI [3, 4] Ta Haym [5]. Y
3B’A3KYy 3 IIUM, 3Ha4HI KuIbKocTi I[TAP mo-
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TPAIUISIOTh 710 TPUPOJHUX BOJHUX CHUCTEM,
0 MoTpeOye KOHTPOJIO iX KOHIEHTpamii B
MICIIIX JIOKAaJIbHOTO 3acTocyBaHms [6, 7].
AHIOHHI MOBEPXHEBO-aKTUBHI  PEYOBUHU
(AITAP) € HaiGinpm momwupeHnMA. Jnga ix
BU3HAUCHHS 3a3BUYall 3aCTOCOBYIOTH CIICK-
tpooTomMeTpruHI [8] Ta MOTEHIIOMETPHUY HI
meronu [9]. Hus posmineHHs, KOHIEHTPY-
BaHHA Ta BU3HAUCHHs aHiOHHWX I[IAP vy
CKJIaJIHUX MaTPHIX 4acTO BUKOPHUC TOBYIO Th
eKCTpakiio Ta XxpomaTtorpadiuyHi METOAH
[10]. Haiibinbimn po3TOBCIOIKEHUMH Cepe]
AITAP € pomemmncynbdat i moaenuadeH-
30JICybOHAT HATPIIO, IO BXOJATH [0
CKJIaNy O1BIIOCTI Cy4yacHHUX MHUIOYHX 3aCO-
ois [11].

Ponaminu — rpyna ¢uyopoHoBux Oaps-
HUKIB, TOJIOBHUMH XapaKTePUCTHKAMH SKUX
€ BUCOKI (poTOCTa01IbHICTh, KOC(DII€ HT EKC-
TUHIT Ta KBAaHTOBHWM BUXIiJ (hroopecreHInT
[12, 13]. XapakTepHUMU TpeaACTaBHUKAMHU
psny € ponamin 6K ta pogamin C, siki 3Ha-
XOISITh BUKOPUCTAHHA Y CIEKTpodoTO-
MeTpuaHOMY [14], Konopume TprmaHOMY [15]
Ta (QIIOOPECUEHTHOMY METOJaX aHal3y
[16-18], a Tako» B SIKOCTI IHIUKATOPHHUX
30HIAIB TIPU JOCHIDKEHHI TPHUPOAH MIIE
ITAP [19, 20].

VY po6oti nocnigunu BmiuB [TAP pizHux
TUMB Ta iX rigpodoOHOCTI Ha doopec-
[EHTHI XapaKTePUCTHKH PO3YUHIB POJaMi-

Hy 6K ta ponaminy C.
EKCIHEPUMEHT 1 ObI' OBOPEHH/ PE-
3VIIBTATIB. OIIOOpECUEHTHUMHU  pea-

reHTaMu y poOoTi Oynu KaTiOHHI OapBHUKH
ponamin 62K Tta pomamin C xBamidikani
y.1.a. {719 cTBOpeHHS OpraHi30BaHOIO cepe-
nosuma Opanu HeioHHy ITAP Triton X-100
(TX-100). B skocti anionnoi I[TAP Bwu-
KOPHCTOBYBAIW JOACHMICYIb(AaT HaTPIIO

(IACH), xationnux ITAP (KITAP) — rano-
reHiiu ankiampuausiie 3 N=11-18. Buko-
puctani [TAP 6ynu pipm «Merck» ta «Pea-
XiM» 3 BMICTOM OCHOBHO1 peuyOBUHHU >99%.
Po6oui po3umau pomaminiB ta [IAP roryBa-
7Y PO3YHMHEHHIM TOYHUX HABAXOK y JIWCTH-
JHOBaHI i BOJII.

Peectparmito crmekTpiB  ¢IroopecIieHiii
3I1ACHIOBAIHM 3a JOIMOMOTOK JIFOMIHECIIE HT-
Horo criekTpomeTpy PerkinElmer LS 55. Ku-
CIOTHICTh PO3YHMHIB KOHTpooBanu pH-
metpom pH 340 31 CKISHHM eJIEKTPOIOM
OCJI-43-07.

[Ipu gocmigkeHHI BIUIMBY KHCJIOTHOCTI
Ha (IIOOPECIEHTHI XapaKTepUCTHKU Oap-
BHUKIB BCTAaHOBJICHO, IO JIJII BOJHUX PO3-
gypHiB poaaminy 62K (R6G) i y mpucyTHOCTI
kaTioHHOi Ta aHioHHO1 ITAP weTwnmpunn-
it xnopuny (LIIX) ta gomeumncyibdary
HATpilO, BIATOBIJIHO, MAaKCUMYMH JOBXHH
XBUJIb eMicii (Ana) B iHTepBami pH 1-10
3MIHIOIOTBCS MaJio (Ama=554 mm). Ilpu pH
11-12 cnoctepiraetbCsi 3CyB MaKCHMyMY
JIOBXKUH XBUJb (DIFOOPECHEHINi B KOPOTKO-
XBWIBOBY 001aCTh (Amay=549 HM). ¥V npu-
cyrHocTi HeioHHO1 [TAP TX-100 y Bchomy
iHTepBami pH MakcuMymMu JOBXWH XBWJIh
emicii 3CyBalOTbCSI y JIOBFOXBHJIBOBY -
JSTHKY CTIEKTPY (Anax=563 HM).

MakcumMyMu JOBXUH XBWIb (hiroopec-
neHmii BogHux po3uuHiB pogaminy C (RC)
ta y pucytHocTi L{I1X 1 JJJICH B iHTepBam
pH 1-2 cmoctepiratothcsi mpu A=585 HM, a
npu pH>2 — Anx=580 M. V mpucyTHOCTI
HeioHHOT [TAP TX-100 MakcuMyMu JOBXKHUH
XBHWJIb €MiCli 3CyBalOThCS B JIOBTOXBWJIbOBY
obnacte. Tak, B iHTepBami pH 1-3 makcu-
MyM crocTepiraetbes npu A=590 um, a npu
pH>4 A,,=580 um (puc. 1).

[HTe HCMBHICTD (TFOOPECTICHINT BOJHUX
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po3umHiB pojgaminy 6K Ta y mpHCYTHOCTI
HITX # JACH B ycbomy inTepBamii pH 3mi-
HIOEThC MaJio. [IpumiTHO, 10 J0/MaBaHHS
o po3unHy poaaminy 67K weionHoi ITAP
3HIDKYE CHTHaJl ()JIFOOPECILEHINI B YCbOMY
niana3zoHi pH.

I, BiaH.0A4.
80 - 2
60
40 -

20

0

450 500 550 600 650 k HM
Puc. 1. Cnekrpu 30ymkeHHs Ta eMicii quiroope-
CIIEHIIil BOIHUX PO3uMHIB pofaMiny C mpu pi3-
HUX 3HauyeHHsx pH. CR¢=1,O-10'5 monw/1, pH 1
(1), pH 3 (2), pH 5 (3), pH 8(4).

Jns BogHux po3umHiB pogaminy C Ta
y npucytHocti KITAP i AITAP B intepBami
pH 1-4 inTeHCUBHICTH (prOOpEcueHIIll
3poctae, a npu pH>4 — Buxonuth Ha «IUIa-
To» (puc.2, kpusi 1-3). ¥ mpucyrrocti TX-
100 1HTEHCMBHICTh CHTHATY PO3YHHIB OapB-
HUKa 3poctae y naianazoni pH 1-5, a mpu
pH>5 nmocsraetbest «mmato» (puc. 2, Kpu-
Ba 4). [leperunu 3aeHOCTE 1 1HTE HC MBHO C-
Ti ¢moopecueHiii 6apBHUKIB Bix pH kope-
JHOIOTH 3 1X BIANOBIIHUMH KOHCTAHTaM U 11 U-
comiamii [14].

Buxonsiun 3 oTpuMaHMX AaHHX, MOJa-
JBII JOCIIKEHHSI CUCTEM Ha OCHOBI poja-
Mminy 6K npoBonwnu nipu pH 4,0, a po3un-
HiB poaaminy C — mpu pH 10,0.

Y  po6oTi mocmiaunaud BIUTMB TPUPOIH

I, BigH.0A.

150

120 /

a1

90

———8__

U/,(/ o= : /I—l—-l
/7_-3:*-5-_—#4"3&%—{{0 2
- v3

_

o
=

60 -

2 4 6 8 10 12 pH
Puc. 2. 3anexHicTh HTEHCUBHOCTI eMicii Quro-
opecieHIlii Boguux po3unHiB pogaminy C (1) y

npucyrHocti [TAP Big pH.

Cre=1,0-10" momb/n (1-4),
Crnx=2,0- 10 moss/n 2),
Cnnen=2,0-1 0 Mob/1 (),
Crx-100=3,4:102 monb/n (4).

[TAP pizHMX TumB Ha (IIOOPECLEHTHI Xa-
PAKTEepUCTUKU PO3UYHHIB OApBHUKIB. 3aBIsi-
KM BUCOKHMM COJIFOO1II3aIiiiHuM Ta cTadiii-
3YIOUUM BJIACTHUBOCTSIM PO3YHMHU HE10 HHUX
[TAP po3srisimanu sik opraHi3oBaHi Cympamo-
JeKYJApHI CcepeoBUIa s 3a0e3reue HHI
ONTUMAJbHUX XapaKTEPUCTHUK IOCIIiKYBa-
HUX acouiatiB 0apBHUK—IIAP. Tomy Baxnu-
BO Oyso 3’sicyBaTW KOHIEHTpAIiiiHI YMOBH
pamioHanbHoro Bukopuctanui TX-100 y
JTOCTII)KyBaHUX cuUcTeMax. Tak, BCTaHOBIIE-
HO, II[0 B Jiama3oHi KOHIEHTpAIliii Heio HHOT
[IAP 0-8,7-10% wmoms/n crnocrepiraeTsest
3MEHIIIEHHS 1HTE HCUBHOCTI CUrHAIY 1HIMBI-
IyalbHUX PO34YMHIB podaminy 6K, a mpu
Crx-100 > 8,7 10 Monb/n mOCATAETHCS «IUia-
Tto» (puc. 3, kpuBa 1). Takuii BIUIUB HEioH-
HO1 [TAP MO)XHa TOSICHUTH YacCTKOBOIO CO-
moOum3ariero Ta acomamero TX-100 no Bu-
coko rigpodobuHoro pomaminy 6K. Ha mpo-
THBary 70 IbOro, B iHTEpBaJIi KOHIIEHTpaIli it
HITAP 0-2,6-10'2 MOJIb/JI  1HT€ HCHBHICTD
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¢dmroopecuieHIli MeHI TiapogoOHOTO poja-
Mminy C 3poctae. Ilpu mopanbumomy 30171b-
menHi BMicTy TX-100 iHTEeHCHBHICTH CHT-
HaJTy 3MIHIOETBCS MaJio (puc. 3, Kpusa 2).

I

max

2
1,00 = e *
o
0,9
0,8 5
. “\\\
—~— e 1
. u
0,7
064 *
T T T T T T T
0 1 2 3
C... x10%, mons/n

TX-100°
Puc. 3. HopMoBaHa 3aieXHICTh HTEHCHBHOCTI
emicii ¢uroopectentiii pogaminy 6K (1) Ta po-
naminy C (2)  Binm  wonmentpamii  TX-100.
Cr=1,0-10" momb/x (1,2), pH 4,0 (1), 10,0 (2).

[TonoxeHHs MakCUMYMIB emicii (iroo-
pecueHiii po3uuHiB poxamiHy 6K B 1H-
TepBai KO HLIE HTpaIi TX-100
0-1,7-10'4 MOJIB/JI 3aJIWIIAIOTHECS HE3MIHHU-
MU (Anax=554 nm). Ilpu xonumeHTpami TX-
100 Oimpmre KpUTHIHOT KOHIEHTpAIii Mire-
JoyTBOpeHHs [21] MakcUMyMHu JTOBXHH
XBWJIb eMicii (uroopecleHIlii 3CyBaroThCsl B
JIOBTOXBWIBOBY MUITHKY CTICKTPY 1 Amax=562
oM (puc. 4, kpuBa 2). 3MiHa KOHIEHTpAL i
TX-100 Ha MONOXEHHA MaKCHMYMIB eMicii
dmoopecuie I po3uuHiB pogaminy C BIuH-
Ba€ Majo.

3 ormsay Ha OTpHUMaHI JaHi, TOJajb i
JTOCTIKEeHHST (DIIFOO pECLIE HTHUX XapaKTepu-
CTUK BOJHO-MIICJBIPHUX CHCTEM OapB-
Huk-I1TAP-HITAP npoBoaunu npu KOHLEHT-
paii TX-100 3,4-102 mous/m.

I, BigH.0A4. A HM

450 -

- 560
400

350 - 556

300 | 552

5 -4 -3 -2
I9C., 1o MONB/N

Puc. 4. 3anexHICTh HTEHCHUBHOCTI eMicii irro-
opecuentii (1) Ta MOI0XKEHHS MaKCUMYMY JIOB-
KHH XBHJIb eMicii ¢urroopecueHii (2) po3unHiB
pomaminy 6)K Bim xkommentparii TX-100.
Crec=1,0-10" mous/m, pH 4,0.

[Ipu nomaBaHHI 1O BOJHOTO PO3YHHY
ponaminy 6K KaTiOHHOTO LTI PUIH-
HIi XJOopWAy B Jiana3oHi KOHIEHTpAIii
0-5,0-10™ Moub/1 iHTEHCHBHICTH (IIEOO pec-
neHiil 3MiHIO€E€TbC Maito. lloganbine 301716-
menHs BMicty KIIAP nmpusBoauth 10 3MeH-
HICHHS curHaiy (puc. 5, kpuBa 1), mo Mox-
HAa TIOSICHUTH YTBOPEHHAM TiApodoOHHUX
acomariB 0apBHUK—KIIAP, sxi oOymoBto-
I0Th KOHIEHTpamiitHe raciHuast 1pu  Cipap
O17bIIIe KPUTUIHOT KOHIEHTpaIli MiIEeIoyT-
BOPE HHS.

B imrepBam  konmeHTpamiu  I[IIX
0-5,0-10* Mons/n iHTeHCHBHICTE (o0 pec-
neHili po3unHiB pogaminy C Takox 3MiHIO-
€ThCs MaJio. Pa3oM 3 UM mojanbIe maBu-
nieHHs BMicTy katioHHoi [TAP mpuzBoauTh
70 30iNIbIIEHHS 1HTEHCUBHOCTI CHUTHANY Y
Mineaspuux — posumnax  LIIX. [Ipu
Cirniap>1,0-10% Mo/ {HTE HCHMBHICTD  3Mi-
HIOETHCSA MaJo.

MakcuMyMu  JTIOBKUH

XBWIb eMicii
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Groopectie HINl IS TOCIi)KYBaHUX PO3YH-
HIB poAamiHy 6K B iHTE pBasi KOHIEHTpAIIlif
LIIX 0-1,0-10° monb/n 3anmmaoTscs He-
3SMIHHEMHU 1 Ay =554 BM. Ilpu Oimpmimx
koHueHTpamisax KIIAP monoxeHHI Makcwu-
MYMIB 3CYBA€THCS B IOBTOXBUJIbOBY JUITHKY
crektpy (puc. 5, kpuBa 2). 3 iHIIOr0 OOKY,
st ponaminy C 3a IMX YMOB MaKCHMYMHU
JIOBXXWH XBWJIb e€Micii (roopecreHIni 3Mi-
HIOIOTHCSI HECYTTEBO.

I, BigH.0A. A s HM
500 2.
1 - L 565
.
450 -| “'-\\

400 ~

. I
A L 560
}r

350 + - 555

300
550

-5 4 -3 -2 A
IgCunx, Monb/n

Puc. 5. 3anexxHicTh HTEHCUBHOCTI eMicii (ito-
opecueHulii (1) Ta MoIOKEHHS MaKCUMYyMY JIOB-
KMH XBHJIb eMicii duiroopectieHitii (2) BOIHHX
po3unHiB popaminy 62K Bin konenTpanii LIITX.
Crec=1,0-10" moms/1, pH 4,0.

XapakTep BunBy KarioHHoi [TAP wHa
(baroopecIie HTHI XapaKTe PUCTUKHN O apBHUKIB
y npucytHocTi HeioHHOi [TAP TX-100 3mi-
HIOETBCS. Tak, B 1HTEpBaJli KOHIICHTpAIIl i
KITAP 0-5,0'104 MOJIb/J 1HTE HCHBHICTh CH-
rHaiy acowiatiB OapHuKIB 3 LIIIX 3miHIO-
eTbcsl Mano. [Ipu 30inmbIIeHHI BMICTY KaTi-
onHoi ITAP iHTeHCHBHICTH (hFOOpECIICHINT
acomiariB poxaminy 6K 3 LI1X 3meHIIyeTh-
cd, IPU IbOMY B po3unHax ponaminy C 3me-
HIIIE HHA CUrHATY € O17b1r cyTTeBUM. [1pumi-

THO, IO TOJIOXKCHHS MaKCHUMYMIB JIOBXKHH
XBUJIb eMicli JUid MOTPIWHUX CHUCTEM OapB-
HUK—KITAP-HIIAP mnpaktudno He 3MiHIO-
I0ThCSI.

JocmimkeHHss BIUIMBY T1ApodoOHOCTI
(uncia aTOMIB BYIJICIO Y BYIJIEBOJHEBOMY
panukan, N) karionaux [TAP nHa ¢moopec-
[EHTHI BJACTHUBOCTI BOJHHX PO3YHWHIB aco-
mariB  0apBHUK—KIIAP mpoBogunu mnpwm
nBox (ikcoBaHux koHieHTpamisax KITAP —
1,0-10'5 Ta 5,0-10'3 MoJe/1. [leprma ko HIE H-
Tpatisi 61M3bKa 10 YMOB YTBOPEHHS CTEXiO-
MeTpuuHUX acoijariB OapHUK: KITAP=1:1,
a Jpyra — J10 3HAa4€Hb KPUTHUYHOI KOHIEHT-
pamii MinesioyrBopeHHs KaTioHHUX [IAP y
po3unHax. OTpuUMaHI I YUCTUX BOJHHUX
PO3UMHIB JaHI TOPIBHIOBAIU AJSI TaKHX Y
npucyTHocTI HelioHHOT [TAP.

BceranoBneHo, mo mpu A0AaBaHHI 0
BOJIHMX PO34YMHIB OapBHUKIB Ta y MPUCYTHO-
cti HITAP kationnux ITAP 3 xoHneHTpari-
€10 1,0:10° moumb/11 iHTe HCHBHICTE dhEOOpE-
CLCHINIT YTBOPIOBAHUX acOIaTiB MPaKTH4 HO
He 3MiHIOE€ThCSA. Ha BiAMiHY BiJl 1IOTO TPHU
KOHIeHTpamii katioHHux [IAP 5,0'10'3
MoJb/n BIuiuB TigpododHocTi KITAP mpo-
CTEXYEThCS 111 000X peareHriB. Tak, mis
BogHux cuctemM poaamin C—KITAP 3anex-
micte |=f(n) xapakrepmsyeThcsi 30isbliIe H-
HAM 1HTEHCUBHOCTI (moopecueHuii 31 30i-
JbIIeHHIM TiapodoOHocTi KaTioHHOi IIAP
(puc. 6,1). Jns wHaitOumemm rigpodoOHOTO
KITIAP 3 n=16 cursman MakcuMabHUM, a ca-
Ma 3ajexHicTs 1=f(N) xapakTepmyeThcs me-
peruHoM B oOmacti N=13. Takwuii BIuiuB rij-
poOOHOCTI € TUTIOBHM JIJIsI PO3YMHIB acOIli-
ariB peareHT—KIIAP 1 mosicHrO€ThCS 301J1b-
IIEHHAM POJii T11poHOOHUX B3aEMOIIM 1 -
CUJICHHSIM COJIFOOLTI3aIii B cUCTEMax 3a yda-
cTio foBroJjiaHioropux I1AP [2].
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3aie KHICTh 1HTEHCHUBHOCTI (JIrOOpecIie-
HINT BiJ YKCJIa aTOMIB BYTJICIIO Y BYTJICBOI-
HeBoMy panukam KIIAP nns BogHUX po3-
yyHIB poaaMiHy 6K xapakrepu3yeThcs moc-
TYNOBUM 3MCHIICHHIM CHUTHATY 31 301J1b-
meHHsM rigpodgoOHocTi KarioHHHX [IAP
(puc. 6, 2). Takuit epekT MOKHA MOSICHUTH
YTBOPEHHSM acolliaTiB 32 PaxXyHOK €JIEKTPO-
CTATUIHOTO TpUTIATaHHS peareHTy Ta [1AP,
MiICUJICHOTO TiPpOPOOHUMHU B3AEMOIISIMHU
Ta comoOiizarieto B cuctemi [22].

I/l

1,4
1,21

1

2

1,0 1
0,8
0,6

1 12 13 14 15 16 n

Puc. 6. HopmoBaHa 3aJIeHICTh IHTEHCHBHOCTI
emicii ¢umroopecieHIlii BOJHUX PO3YHUHIB poja-
miny C (1) Ta pogaminy 6K (2) 3 KITAP Bix uu-
cia aToMiB Byryelo (N) y ByIJIIeBOAHEBOMY pa-
KA1 rajIoTeH 1B QTKUIIT IpUTAHITB.
Cr=1,0-10° | Cxrap=5,0-10" moms/n (1,2); pH
4.0 (1), 10.0 (2).

Y po0GOTi BCTAHOBJIECHO HIBEIIOIOUY 110
MIleIIpHUX po3uuHiB HeioHHOT I[IAP Ha
(bIFOOpEeCIieHTHI XapaKTEePUCTHKU acoIfaTiB
6apsHukiB 3 KITAP pi3noi rigpodobHOCTI.
Tak, y cepenoBumi TX-100 iHTeHCHBHICTD
dmoopecuieHINi  JOCHIPKEHUX — acoIliaTiB
MPaKTHIHO OJTHAKOBA.

Hns BoaHux cucteM peareHT—AIIAP
BHSIBJICHO 3MEHIIIC HHS 1HTE HCMBHOCTI (DITIOO-

pecueHIii po3uuHiB ponaminy 6K mpu mo-
JaBaHHI TOJeUWICyb(aTy HaTpilo B jaiama-
30HI KO HICHTpAII it 0-1,0-10'3 MoJs/11. [lpu
noganeuioMy 36inpmenHi Bmicty AITAP iv-
TEHCHUBHICTP CHUTHATy 3pOCTaE 1 TpH
C;U:[CHZI,O'IO'Z MOJIb/JT BUXOJUTh Ha «ILIa-
to» (puc. 7, a, xpusa 1). [Ipu noxaBauHi 10
BOJHOTO po3uMHy poaaMiny C aHIOHHOTO
JAJACH vy ngianmazoni KoHmeHTpamin O0—
1,0-10° monb/n1 iHTeHCHBHICTD (00 peciie-
HIII 3MiHIOETBCA Mano. Iloganpiie ImjaBuU-
menHs Bmicty JAJICH npmsBogure a0 30i-
JbIICHHS 1HTEHCHBHOCTI CHTHAJly acoliaTiB
o6apBHuK—AITAP 1 npu
5,0-1 0 Monb/n JIOCSATAETHCS
(puc. 7, 6, xpuBa 1).

[TonoskeHHS MAaKCUM yMiB JTOBXKHUH XBWIh
eMicii ¢uroopecueHii A PO34MHIB Poja-
miny 6K B inrepBam koHueHtpamiit JJACH
0-5,0-10° MOIB/1 3MIHIOIOTBCS HECYTTEBO i
Amax=554 aM. VY niama3oHi KOHIEHTpAIliil
anioHHoi ITAP 1,0'10'4—1,0‘10'3 MOJIB/JT Ma-
KCUMYMU JIOBXXUH XBWIb 3CYBAIOThCS B KO-
POTKOXBWJIbOBY AUIAHKY cTieKTpy. [Ipu KoH-
e HTpari JJCH >5-10" monp/n
Anax=561 BM (puc. 7, a, kpusa 2). [loyoxeH-
HSI MaKCHUM YMIB JIOBKHH XBHJIb €MICii acorr-
ariB popaminy C 3 JIJICH B ycbomy iHTEp-
BaJi KoHNEeHTpamiii AITAP 3MiHIOETBCS MaJio
(puc. 7, 6, xpuBa 2).

JAns TpPUKOMIOHEHTHHX CHUCTEM pea-
reuT-IJICH-TX-100 y miama3oHi KOHIEHT-
pamiii anionHoi ITAP O-l,O'lO'2 MOJIB/ 1H-
TEHCHUBHICTh (PIIIOOpECUCHINT 3MiHIOETHCS
MaJio, a MpH MoAaJbIIOMY 301JIbIIE HHI BMiC-
Ty J/ICH 1HTe HCUBHICTb CUTrHaIy 3pOCTAE.

[TonoskeHHS MaKCHM yMiB JJOBXKWUH XBW/Ib
eMicii (roopecrieHINi TaKuX CUCTEM 3aJIU-
maeTbesi He3MiHHUM. OTpHWMaHi JaHi MOKa-
3YIOTb MOJXJIMBICTh JETEKTYBAHHS BMICTY

Crnen 2
«ImiaTo»
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anionnux [TAP y Bomax 3 pomaminom 6XK
dbaroopecrieHTHUM  MeTojoM. B iHTEe pBai

I, BigH.0A. a A
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400 4 \\\\\\
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HM

max’

——a—® | 560
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- 575
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Sl e ey
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Puc. 7. 3anexHicTh HTEHCHBHOCTI eMicii ¢uito-
opecuenuii (1) Ta monoxeHHs MaKCUMYMY JTOB-
KHH XBHWJIb eMicii ¢uiroopectieHItii (2) BOIHHX
po3unHiB pomaminy 6K (¢) ta pomaminy C (6)
Bin koHmeHtpauii JJICH. CRZI,O-IO'5 MOJIB/T
(a, 6), pH 4,0 (a), 10,0 (6).

koHuneHrpamii JJJICH 5- 10'6—2,5 10 Monb/n
3aeKHICTh |=f(Capap) miHiliHA. [IpaBuiib-
HICTh OTPUMYBAHUX PE3YJIbTATIB Iie peBiPIIU
METOJIOM «BBEJCHO—3HAWICHO» TIPU aHaTi31
MOJICJIbHUX PO3YHWHIB 3 BIJIOMHUM BMICTOM
anioHHoi ITAP (tabn.1). OuineHe 3HaYeHHS
Mmexi  BumaBimenHs  JIJICH  cranoBuTh
4,9-10° mous/n (1,4 mr/n).

3anponoHOBaHI yMOBH Oyinu BHKOpHC-
TaHl JIJIsl BU3HAUEHHS 3aJIMIIIKOBOTO BMICTY
anmionHoi [IAP y Bomax BiAmoJicKyBaHHS
O0inmmHu. TecT € akTyanbHUM IS O ITUMi3a-
i mpoueayp mpaHHI OITU3HU Ta OIIHKHU 3 a-
JIWIIKIB MHUIOYOTO 3aco0y Ha OUTM3HI MICIs
HOTO IIPaHHIA.

Jns smsHauenns JJJICH y Bomax Bigmo-
JiCKyBaHHsS (parMeHT 3pa3ky OaBOBHSHOL
TKaHuHU po3mipom 10%x10 cMm momimanu y
50 M po3umny JIJICH 3 KOHIEHTpaIi€to
1,0'10'3 MOJIB/T Ta TepeMillyBalu ACKiJbKa
XBWINH. Jlaml TpOBOAWIN TIOCHIIOBHE ITSI-
THPa30BE BIAMOJICKYBaHHS 3pa3Ky 3 BHKO-
puctanssaM 50 M1 TUCTWILOBAHO1 BoAu. Bo-
JIU BIJMOJIICKYBaHHA NMOMIIANIN y HpoOipKu
00’emom 10,0 M1, KOKHA 3 IKMX MICTHIIA TI0
1,0 M1 1,010 moms/n  po3umHy pomami-
Hy 6)K. BMicT mpoOipok peTenbHO Iepemi-
nryBajii Ta 3a gomnoMoror po3zunHy HNO;
BctaHoBmoBanu pH 4,0. 3anumkoBuii BMicCT
anioHHo1 [IAP y Bojgax BU3Havamu 3a 7010~

Taonnmsal
Pe3syabTaTtu iroopecuenrroro nerexkrysannsi IJICH y Bonax (n=3, p=0,95)
Baeneno JJICH, JlucTrpOBaHa BOJA BomomnposinHa Bosa
MI/IT 3natineno JJICH, mr/n Sy 3natigeno JJICH, mr/n Sy
1,80 1,80+0,07 0,010 1,78+0,06 0,008
5,00 4,99+0,04 0,006 5,01+0,04 0,005
30,0 30,0+0,1 0,008 30,0+0,1 0,009
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Cc AncH Mmr/n

24 ]

T T T T T

1 2 3 4 5
KpaTHicTb BignonickyBaHHsa

Puc. 8. Bmict anionnoi [TAP y Bogax Biamodmic-
KyBaHHS.

MOTO0 BIJITIOBITHOT IPaIyto BajbHOT 3aJ1€ K-
HOCTI.

Haseneni Ha puc.8 pe3ynpTaTu MOKa3y-
I0Th OYiKyBaHE MOHOTOHHE 3MEHIIIC HHSI BMi-
cty AITAP 31 30imbIIeHHIM KpaTHOCTI Bij-
MO JIICKYBAHHS 3 MEePErMHOM 3aJIeKHOCTI Tic-
Js1 TPEThOTO MOBTOPEeHHS mpoueaypu. Ilicmus
HIOCTOTO BiAMOJIiCKyBaHHA aHiOHHOT [IAP y
PO34YHHI HE BHSBJICHO.

BHCHOBKH. ]JlocmikeHO BIUIMB KaTi-
OHHUX, aHIOHHMX, HECIOHHUX TIOBEPXHEBO-
aKTUBHUX PEYOBHH Ta IX CyMilIei Ha (Iroo-
PECIIEHTHI BJACTHBOCTI BOJHHMX PO3YHHIB
poaaminy 6K Ta pomaminy C. Ilokazano
cnenudiky BruiuBy IIAP Ha iHTEHCUBHICTH
curHaiy rigpodoO6HOTO pomaminy 6K Ta
6inpmn rigpodineHOTO ponaminy C. Busisie-
HO HIBEJIOIOY M BIUIMB HEIOHHOI TOBEpXHE-
BO-akTHBHOI pe4yoBuHM Triton X-100 Ha
(barOOpeCIeHTHI BJIACTHUBOCTI acoInariB 0ap-
BHUK—IIAP y po3unnax. BcTtaHoBieHO 3Me-
HIICHHS 1HTEHCUBHOCTI ()JIFOOpECUEHIIT po-
naminy 6K y goMinensipHuUX po3dMHAX aHi-
OHHOTO JOAeLWICYib(paTy HaTpio. 3ampo-

MOHOBAHO METOAMKY (PIFOOPECIIEHTHOTO JIe-
tektyBanua JJICH 3a peakmiero 3 pomami-
HoM 62K, sxa Oyrna BumpoOyBaHa MpH O Il HIY
BMicTy aHioHHUX [IAP y Bojax Binmomicky-
BaHHA O1JM3HU MICJISI HOTO MPaHHS.

®JTYOPECLIEHTHBIE XAPAKTEPUCTUKU
PACTBOPOB POJIAMHUHA 6)K U POJIA-
MUHA C B BOJTHO-MUILIEJUISPHBIX CPE-
JIAX TIAB

B.O. Knosax*, C.A. Jlenowoxk, C.A. Kynuuenxo,
O.A. 3anopoorcey

Kueesckuil Hayuonanvbuwlil yHusepcumem umenu
Tapaca Illesuenko, yn. Braoumupckas, 64, Ku-
es, 01601, Vxpauna

*e-mail: vikaklovak@ukr.net

HccnenoBano BIIMSIHUE IIOBEPXHOCTHO-
AKTHUBHBIX BELIECTB pA3IMYHBIX THIOB M HX
cMmeceil Ha (UIyopecIieHTHbIE XapaKTepUCTHKU
BOJHBIX pacTBOpoB pojamuHa 6)K u pomamu-
Ha C. ITlpocnexena crenuuka BIAUSHUS JUTMHBI
YIJIEBOJOPOJAHOTO paaukana KaTuOHHbIX [IAB
Ha HMHTCHCHBHOCTh (TyOpecleHIMH BOJHBIX
pacTBOpoB Kpacuteneid. OOHapyKEHO HHUBEIIH-
pyolee BiMsHUE nelcTBUs HernoHHOM I[IAB
Triton X-100 Ha duyopecueHTHBIE CBOWCTBA
accounatoB poaamuua 6K u pomamuna C c
rupoGoOHBIMU U yMEPEeHHO TUAPOPOOHBIMHU
kaTuoHHBbIMU [TAB. YcTaHOBJIEHO yMEHbIIIEHUE
MHTEHCUBHOCTH CUTHaja pojaamuHa 6K B j10-
MULEJUISIPHBIX pacTBopax aHuoHHOU I[IAB no-
nenuicynab@ara Hatpus. [lonydeHHBIH 3¢dexT
MCIIOJIb30BaI MpHU pa3paboTke ycioBuil dmyo-
PECLEHTHOIO  JIETEKTUPOBAHMS  COJEpKAHUS
annoHHbIX [IAB B Bogax.

KnwueBsie ciuaoB a:uyopecieHIus, mo-
BEPXHOCTHO-aKTUBHBIE BEUIECTBA, pogaMuH 6K,
ponamun C, nonmenuincynbdaT HaTpus, LETUII-
nupumHus xopu, Triton X-100.
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FLUORESCENCE CHARACTERISTICS OF
RHODAMINE 6G AND RHODAMINEC IN
WATER-MICELLAR SURFACTANT ENVI-
RONMENTS

V.0. Klovak*, S.0O. Lelyushok, S.A. Kulichenko,
O.A. Zaporozhets

Taras Shevchenko National University of Kyiv,
64Volodymirskaya Str., Kyiv, 01601, Ukraine
*e-mail: vikaklovak@ukr.net

The influence of cationic, anionic, nonionic sur-
factants and their mixtures on the fluorescence
characteristics of rhodamine 6G and Rho-
damine C solutions has been investigated. The
fluorescence intensity of aqueous solutions of
rhodamine 6G and in the presence of
cetylpyridinium chloride and sodium dodecyl
sulfate has almost unchanged throughout the pH
range. The fluorescence intensity of aqueous and
water-micellar rhodamine C solutions has been
increased in the pH 1-4 range; the signal has
been remained unchanged at high pH values.
The studies have been carried out at pH 4 for
rhodamine 6G and at pH 10 for rhodamine C.
The fluorescence characteristics of water-
micellar dye - surfactant - non-ionic surfactant
systems have been performed at a concentration
of Triton X-100 of 3.4-102 mol/l. The interac-
tion with cationic surfactants has shown differ-
ences character between the I=f(n) dependences
for aqueous solutions of highly hydrophobic
rhodamine 6G and more hydrophilic
rhodamine C. The study of the effect of the hy-
drocarbon radical length on the intensity of the
fluorescence of rhodamine 6G and rhodamine C
has been carried out at two concentrations of
cationic surfactants: under the condition of the
formation of stoichiometric associates dye with
cationic surfactant and in the region of the
micellar concentrations of cationic surfactants.
The character of the influence of the length of
the hydrocarbon radical cationic surfactants on

the fluorescence intensity of the dyes can be ex-
plained by the increasing role of hydrophobic
interactions and the enhancement of
solubilization in systems involving long-chain
surfactants. The difference in the nature of the
associates of rhodamine 6G and rhodamine C
with hydrophobic and moderately hydrophobic
cationic surfactants has been counterbalanced in
the presence of Triton X-100. Reduction of fluo-
rescence intensity of rhodamine 6G in domicile
solutions of anionic sodium dodecyl sulfate has
been established. The method of fluorescence
detection of sodium dodecyl sulfate in reaction
with rhodamine 6G has been proposed. The
method has been tested in determining of anion-
ic surfactants in the waters after washing
clothes.

Keywords: fluorescence, surfactants,
rhodamine 6G, rhodamine C, sodium dodecyl
sulfate, cetylpyridinium chloride, Triton X-100.
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The ternary Co—-Mo—-W(Zr) coatings with total content of refractory metals of 30-40
wt.%, and Co-W-Zr alloys (12-26 wt.%) are deposited from pyrophosphate-citrate
electrolytes in pulse regime. The composition of the coatings as well as the surface
morphology depends on the current density. The X-ray diffraction patterns reflect the
amorphous and crystalline ternary alloys structure. Phases of a-Co, Co—Mo intermetallic
compounds, and traces of metallic molybdenum were detected in the Co—Mo-Zr
coatings. Phase composition of Co—Mo-W deposits differs by emergence of Co7W6
phase and traces of metallic tungsten, and there is no metallic W in Co-W-Zr
electrolytic alloys. The corrosion behavior of ternary coatings in alkaline medium
studied by EIS shows that Co-Mo—Zr alloys are characterized by highest corrosion
resistance among deposited coatings due to presence of metallic molybdenum and
stoichiometric ZrO, with both high electrical resistivity and chemical stability. The
coatings Co—Mo-W and Co—Mo—Zr containing phases of Mo or W are characterized by
higher corrosion resistance as compared with that without metallic molybdenum and
tungsten. The cyclic voltammetry data confirm stability of ternary coatings in alkaline
solution under anodic polarization. Such properties as well as the developed globular
surface make materials promising for use as anodes in fuel cells in particular based on
alkali electrolytes.

K eywo rds:electrodeposition, cobalt alloys, corrosion resistance, refractory metal.

INTRODUCTION. The dewvelopment of PPSs also includes fuel cells (FC) as the
efficient power supply sources (PSS) has most ecologically safe and promising energy
always been and remains to be one of the sources, because the reactions in them are
most promising areas that ensure energy reduced to the formation of water from the
stability of any country. A wide range of fuel, in particular, hydrogen and oxygen [1—
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3]. A sticking point of FC is electrode
materials, which act as catalytic agents. In
the vast majority of cases these are
expensive materials related to the platinum
and silver family [4—6]. In addition to their
high electrocatalytic activity such materials
differ Dby their stability and chemical
resistance when exposed to the media of
different mineralization and corrosiveness.
Earlier researches [7—11] show that alloys
based on transition metals can be regarded as
decent competitors to precious metals.

The main requirements to the catalysts
can be expressed as three properties: high
catalytic activity, chemical and corrosion
resistance, and nontoxicity [12, 13].
Undoubtedly, the activity of catalysts is
defined by the material nature though it
depends to a great extent on the surface
condition. It is known that molybdenum
compounds possess certain catalytic activity
regarding many processes, for example,
electrochemical methanol oxidation,
reduction of iodates, oxygen, etc. [14].
Cobalt compounds, such as oxides and
complexes, are also  applied in
electrocatalysis [15]. Evidently, it is related
to the mobility of oxygen contained by the
compounds of metals, their high
coordination capacity, and ability to form
nonstoichiometric oxides [16].

The use of alkaline electrolytes allows
extending the range of materials that can be
used for the formation of catalytic matrixes.
It is conditioned by the acceleration of the
reduction reaction of oxygen, and simple
alcohols in alkaline electrolytes in
comparison with acid electrolytes [17], and a
lower corrosiveness of the former with
regard to many transition metals.

Hence, the formation of the layer of
electrolytic alloys based on cobalt with
molybdenum (tungsten) and zirconium that
has a branched globular surface can provide
a preset route for the methanol electro-
oxidation process and increase the FC
operation efficiency without using precious
metals. It should be noted that the scientific
and technical literature contains information
on the corrosion resistance of cobalt alloys
mainly in chloride-containing neutral media
[11,18-21]. So, the subject of this paper is
the investigation of corrosion stability of
cobalt alloys, including the studies of the
corrosion resistance and anodic behavior of
ternary cobalt alloys with refractory metals
in alkaline medium.

EXPERIMENT AND DISCUSSION OF
THE RESULTS. The corrosion resistance
was inwestigated using electrodes with
electrolytic coatings of ternary Co—Mo-W,
Co—Mo-Zr, and Co-W-Zr alloys of
thickness at least 5 um. The coatings were
applied onto the steel substrate from the
biligand pyrophosphate-citrate electrolytes
[9,22]. The samples were subjected to the
preliminary treatment using the methods
given in [23]. The electrodeposition was
conducted using the pulse current at a varied
current density, pulse frequency, and on/off
time ratio [9,22]. The electrolyte
temperature was maintained at 30—35 °C.

Chemical composition of the coatings
was determined by energy dispersive X-ray
spectroscopy by an Oxford INCA Energy
350 electron probe microanalysis integrated
into the system of the SEM. The X-rays
were excited by exposure of the samples to a
beam of 15keV electrons. The surface
morphology of the deposits was studied with
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a Zeiss EVO 40XVP scanning electron
microscope (SEM). Images were made
registering secondary electrons (SEs) via
scanning with an electron beam; this mode
made possible to study the topography with
a high resolution and contrast ratio.

The surface relief and morphology were
evaluated by the contact method on 10x10x2
mm samples with an NT-206 scanning probe
AFM microscope (lateral and vertical re-
solutions 2 and 0.2nm, respectively;
1024x1024 scanning matrix, CSC cantilever
B as a probe, probe tip radius being 10 nm)
[24-26].

The structure of the coatings deposited
onto the copper substrate was examined by
X-ray  diffraction analysis using a
diffractometer (DRON-3.0) in the emission
of cobalt anode and CuKa radiation. The
compounds (phases) were identified by the
method of comparison of interplane
distances (d, A), and relative intensities (I/1°)
of the experimental curve with electron
PCPDFWIN card index data.

The polarization dependences for Co-—
Mo—W(Zr) electrodes in 0.25M NaOH were
obtained using the potentiostat PI-50.1.1,
and the programmer PR-8 equipped with the
special device intended for the digital data
registration. Cyclic woltammetry data (CV)
were analyzed at the potential scanning rate
of s$=0.002-0.05V/s according to the
algorithm given in [27]. A standard three-
electrode cell was used for the
measurements, a platinum spiral served as an
auxiliary electrode, and a reference electrode
was saturated silver-chloride connected to
the cell via a salt bridge. All electrode
potentials in the paper are given vs Standard
Hydrogen Electrode (SHE).

The coating corrosion resistance was
studied wusing the method of electrode
impedance in the model solution of 0.25M
NaOH. The electrochemical impedance
spectra (EIS) of the electrodes with the
coatings that have a working area of lcm?
arranged at a distance of 1 cm from each
other in the two-electrode cell were
registered in the frequency range of 107°—
10° Hz at the free corrosion potential using
the electrochemical module Autolab-30
(type PGSTAT301N Metrohm Autolab)
equipped with the frequency response
analyzer module (type FRA-2). The
measurements were performed at 18—1 °C.
The module was controlled using the
Autolab 4.9 program according to the
standard procedure with the subsequent
processing by the Zview 2.0 package. The
phase interface structure was simulated
using the method of equivalent circuits. The
EIS results are discussed according to
known approaches [28, 29].

The coatings formed by ternary
Co—Mo-W alloys (table 1, specimens 1, 2)
are characterized by the uniformly branched
globular surface whose relief differs
considerably from that of the substrate onto
which these are applied (fig. 1, a, b). We can
see the cracks and a number of pores on the
surface of specimen 2 (fig.2) which is
coated with Co—Mo-W at the current density
6 A/dm®. This phenomenon can be explained
by two reasons. First, a higher rate of
nucleation and growth of crystallites at a
higher current density leads to an increase in
internal stresses in coatings and following
cracking. Second, the hydrogen ewolution
reaction is intensified with increasing
polarization, and causes the porosity of
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Tabl 1

Effect of the current density i and pulse/pause duration (ton/torr) on the
composition of the ternary cobalt coatings

Specimen Electrolysis regime Composition, wt.% (in the terms of
i, A | ton/tosr, MS metal)
1 (Co-Mo-W) 4 2/10 Co -59.94; Mo -23.28; W — 16.77
2 (Co-Mo-W) 6 2/10 Co - 61.06; Mo — 20.58; W — 18.36
3 (Co-Mo-zr) 4 2/10 Co-62.13; Mo — 33.29; Zr — 4.58
4 (Co-Mo-Zr) 4 5/10 Co-63.61; Mo — 32.60; Zr — 3.79
5 (Co-Mo-2r) 6 5/10 Co - 68.96; Mo — 26.68; Zr — 4.36
6 (Co-W-2r) 4 2/10 Co —88.25; W —9.06; Zr — 2.69
7 (Co-W-Zr) 6 2/10 Co—73.87; W —24.35; Zr— 1.78
the coating. metals. It is known that cobalt and zirconium

The analysis of ACM data is indicative
of the nano-globular character of the surface
of Co—Mo-W coatings on which the cone-
shaped associates with the diameter of 2 to
5 um are formed due to the merging of fine
globules with the diameter of 20 to 80 nm.
The roughness parameters calculated for the
section area of 20x20 um are: R, = 0.02, and
R, =0.04.

Ternary coatings with Co—Mo—Zr alloy
differ from Co—Mo-W ones by more
branched surface and uniformly distributed
cone-shaped associates with the diameter of
5to 7um (fig. 1, c,d). The cobalt content
increases with the current density and an
extension of the pulse time. Howewer, the
percentage of alloying metals is decreased in
comparison with that of Co—Mo—W coatings
(table 1, specimens 3-5). Despite this, the
origination of cracks in Co—Mo—Zr coatings
Is independent of the refractory components
content as well as of current density. Many
studies have paid attention to the cracking of
binary and ternary cobalt and molybdenum
alloys [30, 31]. A possible cause of the
coatings fracturing can be the difference in
the crystal lattice types of the alloying

crystal structure is hexagonal close packed
(hcp), and molybdenum as well as tungsten
are characterized by is body-centered cubic
(bcc) crystal lattice. The analysis of the
AFM data obtained for Co—Mo-Zr coatings
on the section area of 2020 um allowed us
to calculate the roughness parameters of R, u
R, that are equal to 0.1 and 0.2, accordingly,
and are one order of magnitude higher than
those for Co—Mo—W coatings.

The morphology and relief of Co—-W-
Zr coatings are similar to those of Co—Mo—
W coatings (fig.2, specimens 6, 7);
howewer, the tungsten content reduces in the
alloys obtained for the same electrolysis
conditions (Table 1, specimens 1 and 2). It
should be noted that zirconium percentage in
Co-W-Zr is also lower in comparison to that
in Co—Mo-Zr coatings deposited under the
same conditions (table 1, specimens 3 and
5). A decrease in the size of associates
(agglomerates) and unavailability of the
cracks in the coatings can be related to the
influence of tungsten on the electro-
crystallization process. An increase in the
current density contributes to the enrichment
of the coating with tungsten, though the
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Fig. 1. Topography (a, b) and the relief (c, d) ofthe surface of Co—-Mo-W alloy (specimen 1,
table 1
(a,b) and Co—Mo-Zr alloy (specimen 3, table 1 (c, d).

content of zirconium reduces to 1.78 wt.%
(table 1, specimens 6 and 7).

Newertheless, as shown in [23, 32-34],
the relief and a degree of the surface
development of all coatings mentioned
above are favorable for the catalytic
processes that occur not only through the
adsorption stage but are also realized in the
diffusive mode.

Alongside with the formation of
branched globular surface, the phase
composition of coatings can turn out to be an
important factor that has an effect on their
properties, and in particular on the catalytic
activity because it predetermines the

100

distribution of active accepting centers on
the surface.

Fig.3 gives the X-ray patterns of the
ternary coatings Co—Mo-W that are
deposited onto the copper substrate in the
pulse mode; the coating thickness is 20 um.
The X-ray diffraction patterns reflect the
amorphous and crystalline alloy structure.
The patterns were detected that correspond
to the a-Co phase, Co;Ws, Co;Mog, and
Co;Mo; intermetallic compounds. A rather
broad halo is visible at the 26 angles from 43
to 58° (fig.3) that reflects the X-ray
amorphous structure of coatings. The most
important event is the origination of the

ISSN 0041-6045. YKP . XIM . XVYPH ., 2019, .85, No 12



Corrosion behavior of the electrolytic ternary cobalt alloys with Mo(W) and Zr in alkaline solution

reflexes of metallic molybdenum and
tungsten which are formed in compliance
with the mechanism suggested in [8, 9, 22]
during the reduction of intermediate oxides
by hydrogen ad-atoms when the polarization
current is interrupted. The sizes of the zone
of coherent dissipation of the amorphous
portion of alloy vary in the range of 2 to 8
nm [22].

The X-ray diffraction patterns (fig. 4)
show the difference in the phase
composition of electrolytic Co—Mo-Zr
alloys deposited in the pulse mode of a
different current amplitude (see table 1,
specimens 3, 5). The figure shows the a-Co
lines as well as the lines of intermetallic
compounds CozMo, Co;Mo;, Co;Mog, and
metallic molybdenum (the specimen3). A
narrow halo is observed at the angles of 26
from 48 to 58° reflecting the amorphous
structure of materials. Unavailability of the
lines that correspond to zirconium or its
intermetallides is explained by the low metal
percentage in the coatings. In addition, a
high intensity of the lines of intermetallides
for the specimen 3 is conditioned by the
enrichment of alloy with a refractory
component. The sizes of the zone of
coherent dissipation of the amorphous
portion of alloy vary in the range of 2 to 6
nm [22].

The X-ray diffraction patterns of Co—
W-Zr alloys that are deposited in the pulse
mode of different current amplitude
(specimens 6 and 7, table 1) differ from
those for Co—-Mo-W and Co—Mo-Zr by
unavailability of tungsten and molybdenum
metallic phases (fig. 5). The intensity of the
lines of Co,;Ws intermetallides increases
with the tungsten content. A rather wide halo

ISSN 0041-6045. YKP . XIM. XYPH ., 2019, t.85, No 12

at the angles of 26 in the range of 48 to 65°
confirms the availability of the X-ray
amorphous structure.

Fig. 2. orpholgy of the ternary cobalt
coatings surface (SEM photo
magnification x 5000). ~ The  number  of

specimens corresponds to that in the table 1.

The size of the zones of coherent
dissipation of the amorphous portion of alloy
Is smaller in comparison to those considered
above and equals to 2—5 nm [22].

It is evident that the difference in the
surface structure and morphology, as well as
in the phase composition of electrolytic
alloys, will have an effect on their
electrochemical behavior, in particular on
the corrosion resistance and catalytic activity
in electrode reactions.

The electrochemical impedance spectra
(EIS) of the electrodes coated with ternary
alloys (fig.6,7) in Nyquist coordinates
(fig.6,a,7,a) reflect the fact that the
systems can be described by the modified
Voith equivalent circuit peculiar for
multiphase systems [29, 35].

101



T.A.Nenastina, M.V.Ved’, N.D.Sakhnenko, 1.Yu.Yermolenko, V.A.Proskurina, M.M.Volobuyev

= Co,W, °
90+ @ Co,Mo

0 Co,Mo,

oW
60/ *Mo
e o-Co

20 40 60 80
20,

Fig. 3. The X-ray diffraction patterns for ternary
Co—Mo-W coatings: 1 is for the specimen 1,
and 2 is for the specimen 2 (table 1).
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Fig. 4. The X-ray diffraction patterns of ternary
Co—Mo—Zr coatings: 1 is for the specimen 5; 2
is for the specimen 3.
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Fig. 5. X-ray diffraction patterns of ternary Co—
W-Zr coatings: 1 is for the specimen 7; 2 is for
the specimen 6.
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The coating corrosion process is
associated with formation of oxides of
alloying metals on the surface. These
nonstoichiometric oxides differ in chemical
nature, porosity and electrical conductivity.
Therefore, the equivalent circuit includes at
least two R-C chains, one of which
corresponds to the oxide phase and the other
describes the corrosion behavior of the
coating.

Such circuit may include the following
elements: R1 is associated with the
electrolyte resistance; CPE; (i = 1, 2) is the
constant phase element (the phase interface
capacity), and R; (i = 2, 3) is the resistance of
oxide layer (i =2) or corrosion one (i = 3).
The CPE elements define the phase fractality
that is peculiar for the metals (such as Co,
Mo, W) of a variable valence that form
hydrated oxide films on the surface in alkali
corrosive medium. The degree of dewviation
from the perfect capacitor (the degree of
surface fractality) is determined by the
parameter n (0 <n<1), and for the perfect
capacitor n =1 [29].

Fig. 6 shows the different shape of
Nyquist plots for specimens coated with
Co—Mo-W alloy: specimen 1 demonstrates
more capacitor behavior in comparison with
specimen 2. The equivalent circuit for
specimen 1 includes only three elements: the
electrolyte resistance R1, CPEl which is
associated with oxide layer capacitance, and
R2 which simulates the resistance of the
non-porous oxide layer (fig.7,b). The
values of equivalent circuit parameters are:
R1 = 63+1 Q cm? CPE1 = 0.120.02 Q cm’;
R2 =9100£1100 Q cm”.

The Nyquist plot for specimen 2
(fig. 6, @) is characterized by two flattened
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semi-circles that reflect inhomogeneity of
the surface, namely some sections with pores
and cracks (see table 1), and as a result of
uneven distribution of corrosion process in
the system. Therefore, the equivalent circuit
for this specimen consists of two R—C chains
(fig. 6, b), where the first one reflects the
compact oxide layer properties as for the
specimen 1. The second chain is associated
with corrosion behavior of porous oxide

film, where CPE2 is the double layer
capacitance, while R3 simulates the
corrosion resistance, which is inwersely

proportional to the corrosion rate. The values
of equivalent circuit parameters and the error
(%) of parameters fitting to the experimental
data are given in the table 2. They
characterize sample 2 as resistant to
corrosion in an alkaline environment, but
with decreased ohmic resistance. Both facts
are favorable for the implementation of
electro-catalytic processes.

The Nyquist plots as well as equivalent
circuit for Co—Mo-Zr-coated electrodes
(specimens 3-5) are similar to each other
and to that of specimen 2, and to Co—-W-Zr
alloys (fig.7,a). Since the difference of
parameters does not exceed the error of 57
%, we present data only for specimen 3 (Co—
Mo-Zr) and specimen 6 (Co-W-Zr)
(table 2) obtained at similar electrolysis
conditions. The higher values of R2 and R3
for specimen 3 in comparison with specimen
2 are due to the presence on the surface of
stoichiometric zirconium oxide ZrO, with
high both electrical resistivity and chemical
stability.

It should also be noted that the chemical
stability of molybdenum oxides in an
alkaline medium is higher than that of
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tungsten. Therefore, the parameters R2 and
R3 for specimen 6 are lower compared to
sample 3. The results for Co—Mo-Zr
coatings are more reproducible than for Co-—
Mo-W, which makes possible to consider
Co—Mo-Zr alloy as more corrosively stable
in an alkaline environment. Moreover, we
can conclude that coatings with metallic
phases of Mo or W are characterized by
higher corrosion resistance.

Obtained EIS data agree with corrosion
test results carried out using polarization
resistance method in different media for
ternary cobalt electrolytic alloys [8—10]. The
anodic behavior of ternary coating following
from CV in alkaline solution also confirm
the high chemical stability of alloys and the
ability to quasi-reversible  oxidation/
/reduction under external current. Cyclic
voltammograms (fig. 8) were obtained by
polarizing the electrodes into the cathode
region, and then into the anode one. We can
see the oxidation peaks in the potential range
—(0.7-0.6) on CV for electrodes coated with
Co-Mo-W and Co-Mo-Zr (fig.8,a and
8, b) after cathodic polarization. These peaks
are most likely related to the oxidation of
adsorbed at the electrode surface hydrogen
atoms formed in the cathodic reaction.
Another oxidation peak for those coatings
appears in the potential range 0.3-0.4 V, and
the anodic current for Co—Mo-W coating is
an order of magnitude higher than that of
Co—Mo-Zr. Upon reaching a potential of
0.5V, the passivation of the studied
electrodes occurs, and the current density in
the passive state doesn’t exceed 0.1 mA/cm®
for Co—Mo-Zr, but that for Co—Mo-W is of
2 mA/cm?. The second oxidation peak can
be attributed to the formation of alloying
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components oxides during  anodic
polarization. The reverse branch of the CV
dependence in fig 8, b indicates a quasi-
reversible reduction of these oxides, which
distinguishes coating Co—Mo—Zr from C-
Mo-W (fig. 8, a).

The CV for the samples coated with
Co-W-Zr alloys differs from those shown
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Fig. 6. Nyquist plots (a) and the equivalent
circuit (b) for the Co-Mo-W electrode: 1 is for
the specimen 1; 2 is for the specimen 2 (see
table 1).
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Fig. 7. Nyquist plots (a) and the equivalent
circuit (b) for the Co—-Mo—Zr (specimen 3) and
Co-W-Zr (specimen 6) electrodes.

above by the appearance of a cathodic peak
at potentials of —(0.05-0.3) V, and the
current peak reaches 27 mA/cm?. Obviously,
the reduction of alloying components oxides
unreduced during alloy deposition occurs at
cathodic polarization. At the same time,
there is no peaks on the anode branch of CV,
and the current of the passive state does not
exceed 2 mA/cm? up to the initiation of
oxygen evolution at the potential of 0.8 V.
We can conclude that the anodic peaks
observed for coatings Co-M-W and Co-
Mo-Zr are associated with the formation of
namely molybdenum oxides, since there is
no peak on the anodic branch of CV for Co—
W-Zr.

Table 2

Values of equivalent circuit parameters (2 em?) and error (%) of parameters fitting for coated
specimens

Coating R1 | Error | R2 | Error | CPE1| Error | CPE2 | Error | R3 | Error n
(specimen)

Co-Mo-W(2) 59 02 3700 24 074 14 053 22 1800 9 0.47
Co-Mo-2zZr(3) 61 12 7100 19 076 08 098 24 2500 14 0.48
Co-W-Zr (6) 42 09 2800 21 076 07 09 1.7 1300 8 0.51
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Fig. 8. Cyclic voltamograms in the 0.25M NaOH solution for electrodes coated with alloys: a — Co—
Mo-W (specimen 1); b — Co—Mo-Zr (specimen 3); ¢ — Co-W-Zr (specimen 6).

Observed anodic behavior indicates
higher  stability of ternary coatings
containing zirconium. In addition, it should
be noted that an increase in the cobalt
content in the alloy (table 1) facilitates its
passivation in alkaline environment.

CONCLUSIONS. The ternary Co—Mo-
W(Zr) coatings with the total content of
refractory metals of 30-40 wt.%, and Co-
W-Zr alloys with that of 12-26 wt.% are
deposited  from pyrophosphate-citrate
electrolytes in pulse regime. A uniformly
cone-shaped surface characterizing the
coatings is deweloped due to tungsten and
molybdenum incorporation, but molyb-
denum containing ternary coatings differs by
the network of shallow cracks.

The X-ray diffraction patterns reflect the
amorphous and crystalline structure of
ternary alloys. Phases of a-Co, intermetallic
compounds Coz;Mo, Co;Moj;, Co;Mog, and
traces of metallic molybdenum were
detected in the coatings Co—Mo-Zr. Phase
composition of Co—Mo-W deposits differs
by the emergence of Co,;Ws phase and traces
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of metallic tungsten, and there is no metallic
W in the phase composition of Co-W-Zr
electrolytic alloys.

The corrosion behavior of the ternary
coatings in alkaline medium studied by EIS
shows that the Co—Mo-Zr alloys are
characterized by the highest corrosion
resistance among the materials studied, and
results are more reproducible. Such behavior
iIs due to presence of stoichiometric
zirconium oxide ZrO, on the surface with
high both electrical resistivity and chemical
stability. We can conclude that coatings Co—
Mo-W and Co—Mo-Zr containing metallic
phases of Mo or W are characterized by
higher corrosion resistance.

Anodic behavior of Co—Mo(W)-Zr
coatings in alkali solution is associated with
formation of molybdenum oxides during
anodic polarization and their quasi-
reversible reduction, and indicates higher
stability of ternary coatings containing
zirconium. Simultaneously, an increase in
the cobalt content in the alloy facilitates its
passivation in an alkaline medium.
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Hence, a high corrosion resistance of
Co—Mo-Zr coatings allows us to view them
as promising electrode materials for
chemical current sources, in particular
alkaline fuel cells.

This research was conducted with the
support of the Ministry of Education and
Science of Ukraine within the confines of
the project (Registration Number
0118U002051).
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[Morpiiini mokputrts Co—Mo-W (Zr) i3
3aTaJIbHUM ~ BMICTOM  TYTOIUJIABKMX  METalliB
30-40 % mac. Ta crutau Co-W-Zr (12-26%
Mac.) ocaKeHO 3 MipodochaTHO-IIUTPATHUX
eNIEKTPOJIITiB y IMIyIbcHOMY pexuMmi Ilokaza-
HO, 0 CKJIaJ] MOKPUTTIB, a TAKOXK MOPQoJIoris
MOBEPXHI 3aJIeXkaTh Bl T'YCTUHU CTpyMy. PeHT-
TeHOTpaMH BIIOOpaXKaroTh CTPYKTYPY MOTpiii-
HUX aMOppHUX 1 KPUCTAIYHUX CIUIaBB. Y
nokpuTTsix Co—Mo—Zr BusBneHni ¢asu .-
tepMmeraniyHuX cronyk o-Co, Co—Mo Ta ciigm
MeTalHOro MoaioaeHy. dazoBuil CKIam Mo-
kputTiB  Co—MO-W  BiIpi3HS€TBCS BUHUK-
HeHHsM (a3 Co7We 1 ciigiB  MeTajaeBoro
BoJIb(paMy, TOAI SK B  EIEKTPOJITUYHUX
crutaBax Co—W-Zr meranesoro W nHemae. Ko-
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po3iliHa TOBeNiHKA TOTPIAHUX MOKPUTTB Y
JTY)KHOMY CEpeOBMINI IOKa3ye, IO CIJIaBU
Co—Mo—Zr xapakrepu3yroThCsl HailO ITH 100 KO-
pO31{HOIO CTIKICTIO CEpeJ HAaHECEHUX I10-
KPUTTIB 3aBJSKA HAsSBHOCTI METAJIEBOTO MO-
nibaeny Ta crexiomerpuyHoro ZrOz 3 BUCOKUM
CJIEKTPUYHUM OIMOPOM 1 XIMIYHOIO CTIHKICTIO.
[Moxpurtss Co-M0o—W i Co—Mo0—Zr, mo MICTATh
da3u Mo ab6o W, xapakTepu3yrOThCs OUIbIIOIO
CTIKICTIO J0 KOpO3ii MOPIBHSHO 3 MOKPUTTAM
0e3 MeTaJMHOro MOJi0/eHy 1 Boabdpamy. [lani
MUKITYHOT BOJIETAMIIEPOMETPIii MiNTBEPKYIOTH
CTIKICTh NOTPIMHUX MOKPUTTIB Yy JYKHOMY
pO34UMHI NpH aHOAHIN mosspu3auii Taki Bia-
CTMBOCTI ¥ pO3BHHEHA TJIOOYISPHA TMOBEPXHS
poOIsAT, MaTepiaii  TEePCHEeKTUBHUMHU IS
BUKOPUCTaHHS K aHOAIB Y MAJIMBHUX KOMIpKaXx,
30KpeMa Ha OCHOB1JTY)KHUX €JIEKTPOJIITIB.

KnoyoBi ¢Jo0 B a:elneKkrpoocaKeHHS,
CIUTaBH KOOAJIbTy; KOpO3iifHa CTIHKICTh; TYro-
IIJIaBKUW METal.

KOPPO3MOHHOE IMOBEJEHUE DJIEKTPO-
JIMTUMECKUX TPOUMHBIX KOBAJIBTO-
BbIX CIUIABOB C Mo (W) U Zr B
L[EJIOYHOM PACTBOPE

T.A. HeHaCTI/IHaz,M‘B.Beﬂbl*,H.ﬂ.CaXHeHKol,
1.10. Epmoierxo®,B.O. IpockyprHa’,
M.H.Bono6yes*

YHayuonanenoiiic  mexmumeckui YHUepcumem
"Xapovkosckuil noaumexHuyeckuti uHcmumym”,
yi. Kupnuuesa, 2, Xapvros, 61002, Vkpauna
ZXapbKOGCKuLZ HAYUOHANbHBIU  A8MOMOOUTLHO-
Odopooicublll  yHugepcumem,  yi.  AHpocnasa
Myopoeo, 25, Xapvros, 61000, Vkpauna

*e-mail: vmv@kpikharkov.ua
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30-40% wmac. u cruaBel Co-W-Zr (12-26
Mac.%) monydeHsl u3 nupodocdaTHO-1IH-
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TpPaTHBIX DJIEKTPOJUTOB B HUMIYIBCHOM pe-
JKuMe. PeHTreHorpaMMbl OTpPaKarT CTPYK-
Typy amMopHO-KPUCTAJUIMUECKUX TPOMHBIX
crutaBoB. B mokpeitusix  Co-Mo-Zr o0Ha-
pyxenbsl a3l a-Co, mHTepMeTauHaoB Co-
Mo u cienpl METAUIMYECKOro MOJIHOJIeHA.
®azoBbiii coctaB Co-Mo-W orymmuaercs mo-
spiaeaueM ¢aszel Co7Ws u ciaemamm meTan-
mnaeckoro W, B cmmaBax Co-W-Zr otcyt-
ctByeT Metawunueckuit W. Koppo3nonHoe
MOBEJICHUE TPOUHBIX MOKPBHITUH B IIETOYHOU
cpelle CBUJETEIbCTBYET O HAUBBICIIEH KOp-
po3uoHHOM cTolkocTH cmaBoB  Co-Mo-Zr
Omaromapst TPUCYTCTBHIO  METAILTUYECKOTO
MonubneHa U crexuoMerpuyeckoro ZrOz c
BBICOKAM YZIE€TIBHBIM JJIEKTPUYECKUM COIpPO-
TUBJIECHUEM. J[aHHBIE IMKIMYECKOH BOJIBT-
aMIIEPOMETPUH TTOATBEPKIAIOT CTAOUIBHOCTh
TPOMHBIX TOKPBITUM B IIEJIOYHOM pPacTBOpE
IpU AHOJHOW IoJsipu3anuu. Takue CBOMCTBA
HAHECEHHBIX TPOWHBIX IOKPBITUH ITO3BOJISIFOT
paccMaTpuBaTh HMX KaK  IEpPCHEKTUBHBIC
Marepuaibl s HUCIOJb30BAHMS B KAayeCTBE
AQHOJOB B TOILUIMBHBIX DJIEMEHTax, B 4YacT-
HOCTH, Ha OCHOBE ILEJIOYHBIX JEKTPOJIUTOB.

KmnrodeBbIe €JI0Ba: dICKIPOOCAKICHUE;
CIUIaBbl KOOabTa; KOPPO3MOHHAs CTOMKOCTB;
TYTOILJIAaBKAM METaJLL.
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The efficiency of combustion of liquid fuels in heat engines is determined by their
hydrocarbon composition. The rate of combustion and the completeness of combustion
depend on the hydrocarbon composition of the fuel. One of the ways to increase the
efficiency of combustion of fuel is to use fuel-hydrogen mixtures. The use of such
mixtures gives prerequisites for low-temperature self-ignition of fuel droplets (about 590
°C). Preheating of the fuel gives the possibility of "explosive" combustion with
increasing of the temperature up to 2500 K in 0.02 — 0.04 ms. This leads to the
intensification of heavy fuel combustion. The use of fuel-hydrogen mixtures allows to
obtain a low level of harmful emissions with flue gases and to reduce emissions: CO and
CH — not less than 15%, CO, — not less than 20%. A promising direction for the creation
of such mixtures is the direct dissolution of hydrogen in liquid fuel. This simplifies the
flow of the fuel-hydrogen mixture into the combustion chamber of the heat engine or
into the cylinders of the internal combustion engines. Analysis of previous studies
showed the possibility of obtaining a single form of regression dependence for
calculations of the dissolution of hydrogen in liquid fuels. The processing of the
literature data and the results of our own research gave a set of regression equations for
calculating the solubility of hydrogen in liquid fuels: gas, diesel, fuel oil, LVGO,
HVGO, GDAR, ABVB. The obtained regression dependencies show that with
increasing average molecular weight the solubility of hydrogen in the fuel decreases.
These regression dependencies make it possible to obtain baseline data for the design of
fuel systems for supplying fuel and hydrogen mixtures to combustion chambers of heat
engines. Studies of hydrogen-diesel have shown a decrease in the flash fuel temperature
by 10 — 15 °C by comparison with pure fuel. For heavy fuels, this level of reduction of
the fuel round is not sufficient. Therefore, it is necessary to conduct further studies on
the intensification of the process of dissolution of hydrogen in heavy fuels. This will
significantly reduce energy costs for the organization of the combustion process.

Keywo rds: hydrogen, fuel, solubility, regression dependences.

INTRODUCTION. The combustion effi- is determined primarily by the hydrocarbon
ciency of liquid fuels in thermal installations composition of the fuel. The combustion rate
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and completeness of combustion depend on
the hydrocarbon composition of the fuel.
Therefore, the intensification of fuel com-
bustion processes is an urgent task to im-
prove the efficiency of heat engines.

One way to solve this problem is to use
hydrogen-fuel mixtures [1]. The experi-
mental results show that at low concentra-
tions of hydrogen in fuel — air mixtures an
abnormal increase in the completeness of
fuel combustion is observed. The intensifica-
tion of the combustion processes of fuel - air
mixtures with hydrogen additives is con-
firmed by the data [2—4].

Research [1-4] was conducted on inter-
nal combustion engines, in which the fuel
supply system was modernized. Hydrogen
was supplied to the engine cylinders simul-
taneously with the supply of liquid fuel. This
required the provision of a hydrogen pres-
sure in the supply system exceeding the
pressure of compressed air in the cylinder.
This reduces the reliability of the internal
combustion engine.

The obtained data [1] on the intensifica-
tion of the process of burning liquid fuel
with small additions of hydrogen to the fuel
— air mixture allow us to make an assump-
tion about the possibility of using fuel-
hydrogen mixtures in heat engines. In this
case, we can consider the process of obtain-
ing fuel-hydrogen mixtures by pre-
dissolving hydrogen in fuel. This simplifies
the supply of fuel-hydrogen mixture to the
combustion chamber of a heat engine or to
the internal combustion engine cylinders.

Studies of the solubility of hydrogen in
liquid fuel [5-10] allow us to conclude that
the use of fuel-hydrogen mixtures in heat
engines is promising. However, the process
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of dissolving hydrogen in liquid fuel is not
well understood. The possibility of using
hydrogen-fuel mixtures in heat engines re-
quires additional research.

The solubility of hydrogen in liquid fuel
substantially depends on the hydrocarbon
and fractional compositions of the fuel. The-
se parameters depend on the oil field and the
characteristics of the rectification process. In
addition, the constant hydrocarbon and frac-
tional composition of the fuel is extremely
difficult to ensure during operation of the
heat engine. Therefore, it is advisable to
have integral characteristics for estimating
the amount of hydrogen dissolved in liquid
fuel when it is saturated with hydrogen.

The aim of the work is to obtain regres-
sion dependences for calculating the satura-
tion of light fuels (diesel fuel and kerosene)
with hydrogen at atmospheric pressure and a
temperature of up to 60 °C.

EXPERIMENT AND DISCUSSION OF
THE RESULTS. Liquid fuel is a multicompo-
nent mixture of organic substances Henry's
law [11] for a multicomponent mixture, tak-
ing into account the Wohl’s expansion [12],
can be represented as:

In(HZM) =X In(H21)+X3 ’ |I’1(H23) —a3° % 1 X (1)

where H, v — Henry's constant for a gas 2;
X; and X, — share of solwvents 1 and 3 in the
mixture, respectively; H,, and H,; — Henry's
constants for individual solvents, respective-
ly ; a;3— the interaction parameter of the
solvents from Wohl’s expansion of the ex-
cess chemical potential of the ternary mix-
tures.

Improving the modeling of hydrogen
solubility in heavy oil cuts using an Aug-
mented Grayson-Streed (AGS) approach
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gives a significant dewviation from experi-
mental data [7]. This is due to the difficulty
in determining the exact proportions of or-
ganic matter in the fuel.

Another important factor is the
achievement of an equilibrium state between
the gas and liquid phases. The intensity of
mass transfer between phases during the ab-
sorption of hydrogen by fuel is described by
Fick's law [13]:

J=D-(9%), @

where J is the diffusion flux; D is the diffu-
sion coefficient of hydrogen in fuel; ¢ is the
concentration of hydrogenin fuel; n is posi-
tion in the fuel layer.

The rapid achievement of equilibrium
between the phases can be achieved with D
— oo or contact time T —oo . Parameters (D
and 1) values cannot be reached equal to in-
finity in real experiments .Therefore, the ex-
periment time [10] was determined based on
the ratio of the dissolution time of a fixed
volume of hydrogen at the beginning t, of
the experiment to the time of dissolution of
the same volume of hydrogen at the end of
the experiment 1, as 1, /1, = 15 — based on
the recommendations [14].

The value of the dosed hydrogen volume
was taken equal to 0.01 + 0.0002 L. The
time of complete dissolution of hydrogen
bubbles was recorded. During the experi-
ment, the data obtained were entered into a
program for calculating the dynamics of hy-
drogen dissolution. As a result of the calcu-
lation, a graph of hydrogen solubility and a
regression dependence of solubility were ob-
tained. An example of processing experi-
mental data is shown in fig. 1: the abscissa
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axis is the logarithm of the time of dissolu-
tion of hydrogen in the fuel (log(t10)); the
ordinate axis is the logarithm is the amount
of dissolved hydrogen in the fuel (log(m1));
the vertical line is the predicted maximum
amount of hydrogen in the fuel.

log(710)
34F .
28r ‘f -
A
22r ‘A “ -
A

1.6k 1
1 1 1 1 |
1 14 18 22 26 3

log(m1)
Fig. 1. An example of processing experi-
mental data.

The graph (fig.1) showed the hydrogen
solubility curve and the predicted limit value
of the concentration of hydrogen in the fuel.
The experiment ended when the solubility of
hydrogen became equal to 0.97 from the
equilibrium.

Based on the foregoing, it becomes ap-
propriate to obtain regression equations for
calculating the solubility of hydrogen in
each fuel grade based on a regression analy-
sis of experimental data [6-8, 10] and own
experiments. Relevant physical properties
for these fuels are givenin table 1.

The data on hydrogen solubility in fuels
(table 1) are summarized in the temperature
range T = 293 — 653 K and pressures P = 0 —
10 MPa by the following regression depend-
ence :

R(P,T)=A-B

A(T):a0+a1T +a2'T2 (3)
B(P) =b0+bl-P+b2-P?
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Table 1
Characterization of fuels and experimental conditions
Name of fuel, source DES‘Q}'tly’ T, K P, MPa

Kerosene (K) [6] 0.840 298 — 573 4.7-30
Fuel oil (FO) [6] 0.930 473 -573 10.0-30
Light Virgin Gas Oil (LVGO) [7] 0.892 353 - 653 22-11
HeavyVirgin Gas Oil (HVGO) [7] 0.973 353 - 653 10-11
GuDao Atmospheric Residuum
(GDAR) [7] 0.922 353 - 653 09-11
Athabasca Bitumen Vacuum Bottoms
(ABVB) [7] 1.050 353 - 653 0.9 10
Diesel fuel (DF) [10] 0.847 295 — 333 Atmospheric
Fuel oil [10] 0.937 295 — 333 Atmospheric
Table2
The coefficients in equation (3)

Fuel | a0 | al | | b0 [ bl | b2
K [6] 1.69 -7.0<10° 1.19-10° 0.55 0.46 1.54:10°
FO[6],[10] 0.45 -2.75+107° 5.9+10° 2.00 0.55 5410
LVGO [7] 3.4 -0,011 8.53+107 0.40 1.49 0,013
HVGO [7] 3.77 -0.011 7.88*10'§ 0.40 0.77 0.042
GDAR [7] 2.6 -6.22.10°° 4.81+10° 0.083 0.954 -0.036
ABVB [7] 3.7 -0,012 7.9-10° 0.113  0.85 -0,026
DF [10] 3.3 -0.0105 8.2+10° 0.45 1.49 0,013
Table3

The solubility of hydrogen in various fuels at atmospheric pressure and T =298 K

Parameter | K | DF | FO | LVGO | HVGO | GDAR | ABVB
Solubility, I/l 0.363 0.405 0.309 0359 0.198 0.097 0.099
Mean molar

mass, g/mol 162 144 310 250 350 1678 1700

The coefficients in equation (3) are shown
in table 2. The error in determining the
amount of hydrogen dissolved in the fuel ac-
cording to the given regression does not ex-
ceed + 8.3%. What is quite acceptable for
the predictive assessment and design of fuel
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systems for such mixtures [15].

A graphical interpretation of experi-
mental data processing in the form of paired
regression (the dependence of hydrogen sol-
ubility on temperature and pressure) for
LVGO [7] isshowninfig. 2.
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0
00 400 Soo 600 T

Fig.2. The dependence of hydrogen solubility on
temperature and pressure) for LVGO [7].

Table 3 presents data on the solubility of
hydrogen in various fuels at atmospheric
pressure and T = 298 K. The data in table 3
show that the solubility of hydrogen in the
liquid fuel depends on the average molecular
weight of the fuel. As the average molecular
weight of the fuel increases, the solubility of
hydrogen in it decreases. The amount of dis-
solved hydrogen in light grades of fuel is
quite sufficient to reduce the flash point by
10 — 15 K. Further increase of the concentra-
tion of hydrogen in light fuel is not appro-
priate based on the safety requirements of
the heat engine.

CONCLUSIONS. The obtained regression
equations allow us to predict the solubility of
hydrogen in liquid fuel. Light grades of fuel
do not require special preparation before the
process of dissolution of hydrogen at atmos-
pheric pressure.For heavy fuels it is neces-
sary to develop methods of intensification of
the process of dissolution of hydrogen in the
fuel.
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PEI'PECUBHI PIBHAHHA U1 PO3PA-
XYHKY PO3UMHHOCTI
BO/IHIO B PIIKUX ITAJIUBAX

JL.I.JIeit6oBuu*, HO.B.€BcTuruees

Hayionanvnuii ynisepcumem xopabnedoyoysanms
imeni aomipana Maxaposa,. Mukonais,

npocn. l'epois Ykpainu, 9, Muxonais,

54025, Vkpaina

*e-mail: recycle.lev@gmail.com

E(ekTuBHICTh TOPIHHS PIAKUX MaJUB Yy Te-
IJIOBHX YCTAHOBKaX BU3HAYAETHCS 1X BYTJICBOJ-
HEBUM CKIagoM. Big ByrieBomHEBOro ckiagy
najgnBa 3aleKUTh MBUAKICTE HOTO TOPIHHS 1
MoBHOTA 3ropaHHs. OTHUM B NDISAXIB MiIBHU-
IIeHHSI €(peKTUBHOCTI 3rOPaHHs MajuBa € BUKO-
PUCTaHHS TAJMBHO-BOJHEBHX CYyMIIIeH, IO
CTBOPIOE TIEPETYMOBH JI0 BUHHUKHEHHS HH3BKO-
TEMIEPATypHOTO caMO3aliMaHHs Kpamneib Maju-
Ba (6iu3eko 590 °C). ITonepenniit po3irpiB ma-
JWBa Ja€ MOXXJIMBICTh BUHHUKAHHIO «BUOYXO-
BOT0» TOPIHHS 3 MIBUILEHHSIM TEMIIEPaTypH 10
2500 K 3a 0,02 — 0,04 mc. Lle Beme mo
HTeHcH (ikall il 3ropaHHs BaKKUX MMajluB. 3acTo-
CyBaHHS MaJIMBHO-BOJAHEBUX CYMIIlIEH 103BOJISIE
OTPUMATH HHU3BKHH PIBEHb MKIUIMBUX BUKUIIB
3 IMMOBHMMH Tasamu, 1 3umsutu Bukugu: CO 1
CH ne menme 15, CO; — He menmre 20 %. Ilep-
CIIEKTUBHUM HaIPSMKOM CTBOPEHHS TaKHX CY-
Milllell € MmpsMe PO3YMHEHHS BOJIHIO B PIIKOMY
nanuBi Lle ciopornye mogady nmaauBHO-BOIHEBOT
CyMillll B KaMepy 3TOpaHHs TEIUIOBOTO JIBUTYHA
a00 B HWJIHIPH JIBUTYHIB BHYTPIIHBOTO 3I0-
paHHs. AHANB MONEPeaH X T0CTIPKEHb T0Ka3aB
MOXXJIUBICTb OTPUMAHHS €IUHOI (OpMU perpe-
CIHOI 3aJIeKHOCT1 I PO3PaXyHKIB pO3YNHECH-
Hsl BOJHIO Yy pinkux nanuBax. O6poOxa jiirepa-
TYpHUX J@HUX Ta pe3ylbTaTiB BJIACHUX JOCHI-
JOKeHb Jlajla CYKYITHICTh PErpeciiHuX PIBHSIHBb
JUIL pO3PaxXyHKy PO3YMHHOCTI BOJHIO B PIIKHX
NajuBax: raci, JIU3eJIbHOMY IMajuBi, Ma3yTi,
LVGO, HVGO, GDAR, ABVB, OTtpumaHni pe-
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rpeciiiHi 3aJIe)KHOCT1 MOKa3yIOTh, IO 3 POCTOM
CEepEeHbO1 MOJIEKYJIIPHOT MAaCH MalliBa PO3UYUH-
HICTh BOJHIO B HBOMY 3HUXKYeThcs. Lli perpe-
3rOpaHHs TEIIOBUX MalmMH. JloCHi/KeHHS Ha-
CHYEHOTO BOJHEM JHM3EIbHOIO MajiBa IOKa3a-
JM 3MEHIICHHS TeMIIEpaTypH MOYaTKy CrHajaxy
Ha 10 — 15 °C nopiBHAHO 3 YHCTHM IAJHBOM.
Jnst TSOKKUX MaliuB Takuid piBEHb 3MEH ILEHHS
TEeMIlepaTypu MNajauBa HexoctaTHil. Tomy He-
00XIIHO BECTH IMOAAIBII JOCIIKEHHS IO IHTe-
Hcudikaiii mporecy po3uMHEHHS BOJIHIO B BaX-
KUX nanuBax. Lle 3HauHO 3HU3UTH BUTPATH EHe-
prii Ha opraHBaIlil0 IpoLecy ropHHs NajKBa.

Ko 9o0BicoB a:BOJACHb, MAIUBO, PO3-
YUHHICTB, peTpeciiiHa 3aJIeXkH iCTh.

PEITPECCUOHHbLIE YPABHEHNMA
PACYUETA PACTBOPUMOCTHU
BOJIOPOJIA B XKMAKNX TOIUIMBAX

JUTST

JI.N.JIeiiboBuu*, 1O.B.EBcTHTrHEEB

Hayuonanvuwiii ynusepcumem kopabrecmpoe-
Hus umenu aomupana Maxaposa, Hukonaes,
npocn. I'epoes Yxpaunwl, 9, Hukonaes,

54025, Vkpauna

*e-mail: recycle.lev@gmail.com

D ¢eKTUBHOCTD TOPEHUSI KU KU X TOTLITUB B
TEIJIOBBIX YCTAHOBKAX OIPEAEIACTCA IPEKIC
BCEr0 yINIEBOJOPOJHBIM COCTaBOM ToIuMBa. OT
YITIEBOJOPOJHOIO TOIJIMBA 3aBUCUT CKOPOCTH
€ro TOpeHNus U MoNHoTa cropanus. Iloatomy nn-
TEHCU(UKAIMS TPOLIECCOB TOPEHMS TOIUIMBA
ABJIIETCS] aKTYaJbHOW 3a7ayeil MOBBIIEHUS 3 (]-
(e KTUBHOCTH TEIUIOBBIX ABHUratenei. OaHuUM U3
nyTei TMOBBIEHUS Y(PPEKTUBHOCTH CropaHus
TOIIJIMBA SIBJIAETCS MCIIOJIB30BAHNE TOILIMBHO-
BOJOPOJHBIX cMecel. [lepcrieKTuBHBIM Hampas-
JIEHUEM CO3/IaHUsI TAKUX CMECEHl sBIsETCA Ipsi-
MO€ pacTBOPEHHUS BOJOPOJIA B KUJIKOM TOILINBE.
OTO ymnpoum@er noaadyy TOIUIMBHO-BOAOPOJHOU
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CIiH1 3QJIE)KHOCT1 TO3BOJISIOTH OJICPKATH BUXII-
Hi JaHi /Ui TPOEKTYBaHHS MAJIMBHUX CHUCTEM
Mmojayi MaluBO-BOJHEBUX CYMIIle y Kamepu
CMECH B KaMepy CTOPaHUS TEIIOBOTO JIBUTATEIIS
i B nuimHapel JIBC. Ananu3 nuteparypHbIX
JAHHBIX U PE3yAbTaTOB COOCTBEHHBIX UCCIEN0-
BaHWH MMOKa3aJI BO3MOXHOCTb TIOJTyICHHS COBO-
KYIMTHOCTH PErPECCHOHHBIX YpaBHEHUH IS pac-
4yeTa pacCTBOPUMOCTH BOJOPOJA B JKUJKUX TOTI-
JTUBax: KEPOCUHE, TU3EITHHOM TOIUIMBE, Ma3yTe,
LVGO, HVGO, GDAR, ABVB, ananu3 nomny-
YEHHBIX PErPeCCHOHHON 3aBUCHMOCTH TOKa3al,
YTO C POCTOM CpETHEH MOJEKYISPHON MacChl
TOTUIMBA PACTBOPUMOCTH BOJIOPO/Ia B HEM CHH-
xkaetcs. [lonmydeHHbIE pEerpecCHOHHBIE 3aBUCH-
MOCTH TO3BOJISIIOT TIOJIYYUTh UCXOJHBIC JaHHBIC
JUISL TPOEKTHPOBAHMS TOILIUBHBIX CUCTEM TOJa-
9H TOIUIUBHO-BOJIOPOJHBIX CMEH B TEILIOBHIE
MAaIlMHBI.

KnwoueBsi € ca0Ba: BOIOPOA, TOIIUBO,
PacTBOPUMOCTH, PErPECCUOHHAS 3aBUCUMOCTb.
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IHCTUTYTY OPITAHIYHOI XIMII HAH YKPAIHHU — 80 POKIB
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3a Bm3HaueHHIM bopuca €BreHoBuya
[latona, IvcTuTyr  oOpra"iuHoi  Ximii
BITHOCUTBCS 10 MEMOpIaIbHUX YCTAaHOB
HamonanpHO1 akamemii Hayk Ykpaiawm. 23
tpaBust 1939 poky Ilpesunis AH YPCP, ke-
pytounch mnoctaHoBow Pagum Hapomaux
komicapiB YPCP Big 8 tpaBus 1939 poxy,
OpuiiHsia  pllIeHHA  OpO  CTBOPEHHI
[ncTuTyTY OpraniuHoi ximii 1 TexHonori AH
YPCP wa Oa3i lucturyry  ximiuHOi
texHosorii AH  YPCP Ta  Cektopa
opraniuHoi ximii lHcTuTyTy Ximii AH YPCP.

Ha momenT 3acHyBanus B [HcTuTyTI Oy-
JIO YOTHPH HAYKOBI BIAJIIIH, SIKUMU KepYyBa-
au akagemiku AH VYPCP 3arajb HOT'O
opraniuHoro cunHresy — B.IL. SIBopchkwuii,

Axaziemik AH YPCP Axazemix AH YPCP
B.I1.SABopchkuii M.I1.Ky3nenos
(1876-1942) (1879 — 1950)
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nanuea — M.l. Ky3nenoB, BUCOKOMOJIEKYIsI-
paux cnonyk — [.K. ManypeBud, BOJOKHHUC-
THUX peyoBUH 1 6apBHUKIB — B.I'. [llanomxu-
koB. J{upextopom IHCTHTYTY OyNO0 mpU3Ha-
yeHo akanemika AH YPCP B.II. fBopchko-
ro.

VYV nepenBoenHi poku IHCTUTYT mpa-
IOBaB 32 00OPOHHOI0 TEMATUKOIO, 30KpeMa
3aiiMaBcsi PO3POOKOI0 BHOYXOBUX PEYOBUH
Ha OCHOBI opraHigyHMX a3umiB. Komu moua-
macs BiiiHa, [HCTUTYT OyJI0 €BaKyHOBAHO /10
You, ne va 6a3i [ncTuTyTY OpraniuHoi ximii
ta [HCTHTYTY XiMii OYyB  CTBOpEHHIt
O6'eqnanuit incturyt ximii AH YPCP. Ilix
yac eBakyamii nomep akaaemik AH YPCP
B.IIL SIBOpCHKHH, JUPEKTOPOM

Axanemik AH YPCP
B.I'.IIl anommmukoB

Axanemik AH YPCP
M.I1.Ky3Henon

(1870-1952) (1879 — 1950)
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00’efHAaHOTO 1HCTUTYTY OyJI0 TpH3HAYEHO
akanemika AH YPCP Amngpis I[BaHoBHYa
KinpianoBa. B Ts1xk-
KUX YMOBaX €BaKy-
ami I[HCTUTYT BU-
KOHYBaB 00OpOHHI
3aMOBJICHHS, 30K-
pemMa  po3poOIsiB
ceHcub1m3aTopu
JUIS  BUCOKOYYTIIH-
BUX KIHOIUTIBOK. 3a
Mo poOoTy akajue-
mika AH VYPCP
A.l. KinpianoBa B
1942 p. Oymno Haro-
pomxeHo Jlepxas-
HOIO pEeMi€o
CPCP. V 1944 p.
OO0’enHaHMN 1HCTUTYT XiMii OyJIO TIOBE pPHYTO
no Kuesa. 28 Bepecns 1945 poky Ilpe3umis
AH VYPCP, xepyrouuch nocraHoBorw Panu
Haponnux xomicapie YPCP Bix 12 uepBus
1945 poky, nmpwuiiHAna pilIeHHS PO
po3aineHHss O6’eqHAHOTO 1HCTUTYTY XiMii
AH VYPCP mna Inctutyr 3araipHoi Ta
Heopraniynoi ximii AH YPCP rta Incturyt
opraniynoi ximii AH YPCP. Hupextopom
[HCTHUTYTY OpraniuHOi XiMii  NIpHU3HAYEHO
akanemika AH YPCP A.l Kinpiasosa.

Al Kinpianos - BUITYCKHUK
XapKiBCHKOTO YHIBEPCUTETY, y4€Hb
Bimomoro ximika npodecopa K.A. Kpacycs-
koro. /o BiliHM mpaioBaB B yHIBEPCHUTETAX
Ta HAyKOBMX I1HCTUTyTax XapkoBa. B 1939
p. oOpaHuii 4IeHOM-KOopecmoHmneHtom AH
YPCP 1 i¥oro monmambiia JisiIbHICTH Oyna
MoB’si3aHa 3 AKaJeMi€l0 Hayk YKpaiHu Ta
[HCTHITYTOM OpraHiuHOi XiMii. B 1945-1957
pp. A.LL KimpianoB 6yB unenom Ilpe3umii
AH VYPCP 1 romoBoro Bigninenus ¢i3uko-

Axanemik AH YPCP
A.L. Kinpianos
(1896-1972)

Hupexrop IHCTHTYTY
1942-1960 pp.

118

XIMIYHMX 1 MaTéMaTH4HUX HayK, MOTIM TO-
70BOIO BigaineHHs XiMiYHHMX 1 T€OJIOTTYHUX
HayK, OyB BIJNOBINAILHUM PEAAKTOPOM
xypHany "HomoBiai AH Ykpainu", uiseHom
penkoJierii "YKpaiHChKOTO XIMIYHOTO XYy P-
Haiy" TayieHom BAK CPCP.

VY 1944 p. AL KinpianoBa 0yo 3ampo-
IIEHO 3aBilyBaTH Kadeapolo OpraHidHOi
ximii  KuiBchbKkOTO  yHIBEpCUTETY  IM.
T.I'. llleBuenka, Ky BiH OYOMIOBaB ii 10
1960 poxky. Ilpamoroun B IHCTHTYTI
opraniuHoi ximii AH YPCP Tta yniBepcurerti
im. T.I'. lleBuenka, Auapiii [BanHoBHY CTBO-
pUB MOTYXXHY HayKOBY IIKOJY, sKa PO3pO-
Owia  Teopir0  KOJbOPY  OpraHidyHHUX
OapBHUKIB. byno BIIKPUTO SIBUIIIE
B3aeMO/Iii XpoMo(dopiB, BOHO OTpUMAJIO Ha-
3By «®enomen A.l. KinpianoBa». CBoi
HAYKOBI JIOCII>KE HHSI BUCHHI y3arajibHUB Y
MoOHOrpadisx "DIeKTpoOHHAs TEOPUs B Opra-
Huueckod xumun" Ta «llBer u cTpoeHuHe
[IMAHUHOBBIX KpacuTee .

Hnsa T0SIC He HHS KO JIbOPOBOCTI
opraniuHux crnonyk A.l. KimpianoB Buxopu-
CTOBYBAB TEOPiI0 €JIEKTPOHHOTO PE30HAHCY.
B cymHO3BicHI yacH, KoM OyJ0 TOHIHHA Ha
TEHETUKY Ta KIOEpHETHKY, MiJ 1ACOJOTIdHYy
1HKBI3 M0 ToTpanuB 1 akagemik AH YPCP
A.lL KimpianoB. ¥V 1951 p. B MockBi Ha
Bcecoro3niii Hapani BinmineHHs XiMidHHX
Hayk Akaznemii nHayk CPCP idoro 3a
CTIOBIAYBaHHS TEOPil pe30HAHCY 3BUHYBATH-
JIM y BIXO/1 BiJ MarepiajJiCTHIHUX MapKC U-
CTCHKO-JICHI HChKMX IMO3HUII M Ha 1ea icTHY Hi
Oypxxyasni . Ha To#t wac me Oymo myxe
cepiio3He 3BUHYBaueHHsA. CHUTyalis yCKJas-
HIOBaJach THM, o AHApii [BaHoBMu OyB i3
ciM’i cBsmieHuka. BiH 3akiHUMB JTyXOBHE
YYWIUIIE Ta 4YOTHUPU KypCH JTYXOBHOI
cemiHapii B XapKoBi, TIOTIM — TPHUPOTHUYE
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BIIJIVIEHHS XAapKiBCHKOTO  yHIBEPCHUTETY.
3aBasgKM OTpPHUMaHIM OCBITI BiH MaB
HACTIJIbKU TJIMOOKI 3HAaHHS 1 OyB HACTIIbKHU
OJINCKYYUM TIOJIEMICTOM, IO HOMY BAAIOCH
BIIBECTH 171€0JIOT14HI 3BUHYBAUCHHS 1 Mepe-
BECTH JIUCKYCII0 B IUIONIIMHY TEPMiHOJOTII.
B mmraHHAX TepMiHOJIOTII BIH MIIOB Ha
KOMIIPOMIC, 1 TAKUM YHMHOM BpSITYBaB CBIiH
HAyKOBWUW HAmpsM 1 Bigain B [HCTHTYTI
Opra”iqHoi XiMii Bi1 po3rpoMy i 3aKpHUTTH.

A.1. Kinpianos Ta #ioro yuni B.M. 3y0a-
POBCBHKHI, O.L Tonmauos, 1O.JI.
Cnominacekuit, O.0. Imenko, K. JI. Cuu, LK.
Ymenko, @.A. MuxaiineHko 6arato 3ycuib
OPUILIIA BIIPOBAKEHHIO HAYKOBHX PO3-
po0OOK B MPaKTHKY, ICTOTHO PO3BUHYJIH Tpe-
napaTMBHY XiMilo Tiazony, OeH3oTia3ouy,
O0eH3iMia3o0ily ¥ psay reteporukiiB. [lepmn
3a Bce I Oynu (hoToceHCUOUTIZaTOpU IS
BUpOOHMITBA KiHO(OTOIUIIBOK. BapTo 3ra-
JIaTH, 10 TEPIIUNA PaasHCbKHUM KOJbOPOBUU
kiHoineMm «Biitna 1 mup» Cepris bounap-
yyka OyB 3HATMA Ha IUIBII, CEH-
cuOimi3oBaHii OapBHUKOM AwuHpis [BaHO-
BHYA

Y TNoOBO€HHI POKH, 32 yac KEpIBHUIITBA
Incturytom A, KinpianoBum, mocii-
JOKEHHS 3 OpraHiqyHoOi XiMmil 3HaYHO PO3LIU-
pWINCh, CYTTE€BI 3MIHM BIAOYITHCH Y
cTpyktypi Incturyty. 1947 poky A.lL
KinpianoB 3ampocuB 10 po6otu B [HCTUTYTI
€prena Oumnexkciioprya IllumoBa, sxkuii Ha
TOW 4yac 3aBigyBaB Kadeapoio OpraHivHOI
[Ticns mepeiznmy no . Kuema, €.0. lumos
oprani3yBaB B [HCTHTYTI opraHiuHOi Ximii
AH VYPCP Bigain mexaHi3MiB OprasiqHHUX
peakuii, skuMm 3aBigyBaB Ao 1970 poky.
€.0. llunoBum OyO CTBOPEHO HAYKOBY
IIKOJIy B Taly3l MEXaHI3MiB OpraHiqHHX
peakiiii. Bin oOrpyHTyBaB NMPUHIIMI 10 HOP-
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HO - AaKLEITOpPHOI
B3a€EMOJIII, SKHH €
OJIHIM 3 OCHOBHHX
MOCTYJIATIB BUYCHHS
Ipo MEXaHI3MHU Op-
TaHIYHUX PpEaKIiii.
OnnovacHo 3 /lpto-
apoM Ta He3aJieKHO
BlJ HbOTO €BreHOM
OnekciioBuaeM Oy-
JO  OOIpyHTOBAHO
Axanemik AH YPCP  YTBOPCHHA  T-KOM-
€.0. Illnnos TUIEKC1B MOJIEKYJT He-
(1893-1970) HACUYEHUX CIIOJYK 3
enekTpodinbHUMHU peareHTamMmu. B 1993 p.
yaniB €.0. IllmmoBa — B.. Craninng Tta
1O.0O. Cepryuosa 3a po6oty “TIpomixkni yac-
YAaCTUHKM Ta KOMIUIEKCH B OpraHiyHUX
peaKIisiX y CKIali aBTOPCHKOTO KOJEKTUBY
Oyno BigzHaueHOo Jlep)kaBHOIO TMpPEMI€IO

VYkpaiHu y rany3i HayKH i TeXHIKH.
Y 1950 poumi €.0. IllunoB posmouas

JOCIHIKEHHST  MeXaHi3MiB  010XiMI4HUX
MPOTIECIB. Jlocigxe HHS €Bre HoM
OnekcioBUMYEM  MEXaHI3MIB  TEMHOBUX

cTafiil poTOCUHTE3y Yy pPOCIMHAX NPHUBEIIO
no 3acHyBaHHS B IHcTuryTi 1963 pOKy
nmabopartopii, a moTiM 1 Bianuty GoTocHHTe-
3y, SKy OYOJMB TalaHOBUTHH yueHp €.0.
[[MunoBa — unen-xkopecnonaenr AH YPCP
Onexcanap OmnekcivioBuu ScHikoB. [lig
kepiBHuITBOM O.0O. ScHiKOBa 6yJsi0 po3po0-
J€HO TEOpil0 paguKaIbHUX NEePETBOPEHb Y
peakIgax, IO MOJENOITh HIKOTHUHAMIIHI

ko(epmeHTH, BiJIKPHUTO KaTaJTi THY Hi
BractuBocTi muroxpomy C y  docdo-
pumoBanni  AJ[®. Ile Oyau  cyto

dbyHnameHTambHI JgociiKkeHHI. Ha ocHOBI
TeopeTHd HUX OioMiMeTna HUX miaxoaiB O.0.
ScuikoBuUM OyJi0 pO3pOOIEHO 1 BIPOBAIKE
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HO TIPOMUCJIOBY TEXHOJIOTIIO OJIepKaHHS
bochopunroBanux kpoxmainiB. OCHOBHI pe-
3ynbTaTh (QyHIaMEHTaJbHUX JOCJIIKE Hb
0.0. ScuikoBa
BUKJIaJIE Hi B
moHorpadisix ,,Opra-
HUYECKHE KaTalu3a-
TOpBI, KOGEepMEHTHl U
dbepmenrsr” Ta ,,do-
TOCUHTE3:  XUMUYe-
CKHME MOJIeNIM U MeXa-
HmMb” Y 1960-1983
pp. IacTuUTyT OHOMIO-

BaB akagemik AH YPCP

YJICH-
xopecrionaerT AH OpeKc aHnp BacuiboBuu
YPCP Kipcanos. lle  Oys
0.0. ScHixoB HaWO17IbIII CTA01JTb HA Ta

(1923 — 1999) WIAHUA ~ Tepiog B

icropii Incturyry. ep-
’KaBa 3amovarKyBajla Kypc Ha XiMi3aliio
HapoJaHOTOo Tocmnomapctea. B 1970 p.
[HCcTHUTYT mepeixaB 3 TICHUX JlabopaTopiii Ha
ByJuil BologmMupchkii y HOBHM KOPITyC,
10 3HAXOJMThCA Ha BYIHII MypMmaHChKil
(KwiB). IHCTHTYT MOMOBHUBCS HOBUM 00-
JAJHaHHAM, Ipuwiagamu, kaapamu. Ha Toi
yac B Iwcturyti  mpamoBamo 600
criBpoOiTHUKIB, e 350 — Ha [ocmigHOoMYy
BupoOHUNTBI [HCTUTYTY. Lle OYyB Benukuii
HayKOBO-TIPOM HCJIOBUN KOMIIJIEKC, IKHI J0-
BOJMB CBOi (pyHIaAMEHTaIbHI PO3POOKH 110
BUIYCKy  TOTPIOHOT  KpaiHli  XIMI9HOL
NPOAYKIII.

Axanemik AH Vkpainu O.B. Kipcanos
HapoauBcs 1901 poxy B Mocksi y ciMm’i
1HXKeHepa-TpaHcniopTHuka. B 1912 p. BiH
BCTYNUB 110 MOCKOBCHKOTO KaJeTChKOTO
KOpIYCy, MOTIM 10 MOCKOBCHKOTO BHIIOIO
TexHiYHOTO Yyuminuma. B 1924 p. O.B.
KipcanoB ycmimHo 3aBepUIMB HaBYaHHS, 1
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HoTo 3anuIIMIM acmipaHToM Tpu Kadenpi,
aKy ouomoBaB akageMik O. €. YuuubabiH.
Ha xadenpi O.B. KipcanoB 3aiimaBcst Hay-
KOBOIO Ta BHKJIaAaIbKoio pobotoro. Cepen
Horo cTyneHTiB Oyau MaOyTHI aKaaeMiKu
A.®. Ilnate, LJI. Knynsuu, M.1. Kaba4ynuk.
VY tpunisTi poku Ha 6a31 xiMigHOTO ¢ a-
kynpTeTy MBTY, ne npaigoBas O.B. Kipca-
HOB, Oy/n0o cTBOpeHO BilichKOBO-XIMIUHY
akazemito. Yepe3 HempoJieTapchbke MOXO-
JOKCHHS MICIII B akaaeMii  BUYCHOMY He
3HaMmIocs, 1y
1932-1944 pp. BiH
npamoe B Cepa-
JIOBCHKOMY M€ 14-
HOMY 1HCTHUTYTI, JI€
B 1940 p. foro 06-
panu 3aBiayBaueM
Kadeapu oprasiy-
Hol ximii. [lix wac

Biitnn O.B. Kipca- AKa/:leMjK
HOB  CTBOpIOE 1 AHgKé’a‘HH
BIPOBAIKYE edex- KipC.aH.OB

THBHI JKapChKi
3acobu — kapbocy-
mphamingu. Y 1944
p. O.B. KipcaHoB
nepeixakae 10 YKpaiHu 1 cTae 3aBiiyBaueM
kaeaporo opranigHoi Xximii J]Himpo e Tpos-
ChbKOr0 MeTanypriiiHoro iHcturyty. B 1945
p. HOMY NPHCBOIOIOTH BIMCHKOBE 3BaHHA 1
BiIpsKalOTh 10 HiMmewuwHu 3a criemialib-
HUM 3aBIaHHAM HapKOMa YOPHOi MeTaryp-
rii. B JlainponerpoBceky O.B. KipcaHoB po-
3mo4aB poOoTH 3 XiMii pocopoopraniyHIX
crionyk. ¥ 1956 p. BiH, Ha 3aNpOIICHHSI aKa-
nemika AH YPCP A.L. KinpiaHoBa, mepeis-
nuth 10 KueBa, owomoe maboparopito, mo-
TiM Bigain. Y 1960 p. crae nupektopom Iu-
CTUTYTYy, PO3TOpTAaE TIOBHOMACIITa0OHI JOC-

(1901-1992)
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JiJOKeHHS B Ximil (ocdopopraniuHUX cIHO-
JyK, CTBOPIOE CBOIO HAyKOBY IIKOJY.

Onexcanap BacwisoBug BHBUYaB
1ICTOPiI0 HAayKH 1 BCTAHOBUB, II0 MOTO Hay-
KOBa IIKO0JIa MoXoAuTh Bia JIi0ixa o Takomy
nmaHmrokky: JIi6ix — 3iHiH — byTtnepoB —
MapkoBaukoB — Unuunbabin — Kipcanos.
O.B. KipcanoB mucaB npo HayKOBi IIKOJIH
tak: «llepma y cBITI HaykoBa IIKOJa
(sxmo He BBaxkatu ['pemii 1 Puma) Oyna
mkousia Jli6ixa, 1 BoHa mopoamwia Oarato
HAYKOBHX IIKIJ €Bpomnu. Y IHX IIKOJAX iX
OYIJIbHUKU TMparHyliv 10 TOoro, mo0 He
TIJIbKY BOHH, ajie 1 iXHI y4HI OyJu reHepa-
TOpaMH ie#, mMo0 BOHM BUSABJISIIM MaKC H-
MyM 1HIIIATUBU 1, OTXKE, Hagajdl MOTJH 3
YCIXOM MpaLoBaTH CaMOCTIHHO, a He OY-
TH TIJbKH BIPaBHUMH JIa0OpaHTaMHU TIPHU
OYiIbHUKY mKkoJu». CaMme Ha TakuxX 3aca-
nax O.B. KipcaHoB CTBOpPHB CBOIO HIKOJY,
KA TIPOJOBKYETHCA i PO3BHBAETHCA. Moro
yuHi — akaaemiku JI.M. MapkoBcbkuil i
B.I1.Kyxap 3acHyBanau cBOi HayKOBI HIKO-
JIY, OYOJIIOBAJIM BEJIMKI HAYKOBI KOJIEKTUBH.

TananoButum yunem O.B. Kipcanosa
OyB MOro 3acTyNHUK 3 HayKOBOI poOOTH
yneH-kopecnonaent [.I. Jlepkau, skui
CTBOPMB HOBUH HampsMOK Y XiMii (ocdopo-
OpraHiyHUX CTIOJIYK — XIMIitO 130111aHaTiB (o-
cthopy. Ha xanb, BiH y 37 poKiB 3aruHyB B
aBTOMOO1JIbHI i KaTacTpo ¢i.

Y 1965 p. Oymno cTBOpeHO BiAALT XiMii
KOMILJIEKCOYyTBOpIOIouux  (ochopopraniy-
HUX CTIOJIYK, SIKUM KepyBaja JOKTOp XiMid-
Hux Hayk H.I'. ®emenko. Y Bigaim ycmm-
HO po3BUBaJach Ximis HoammiB ¢pochopy. Ha
bOMY HampsiMi OyJI0 OTPpUMAHO HAYKOBO-
MpaKTHUYHI Pe3yJIbTaTu 3 po3poOKHU Ta Mpo-
MUCJIOBOTO BIIPOBAKEHHA TMEPEAOBOT TEX-
HoJIoT1i onmepkaHHS (HochIHOKCHIIB, IO 3a-
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CTOCOBYIOTHCSL ~ JJIsi BWIy4EHHS ypaHy i
TPaHCYPaHOBHUX E€JIEMEHTIB 3 Py, a TaKOX
JUISL TIepe POOKM BIIXO/iB aTOMHHX €JIEKTPO-
cranmi. LI ¢yHnameHTanbHI AOCIHI]IMKEHHS
MPUBEJIH A0 PO3POOKH TEXHOJIOTIYHOTO Me-
TOAY OTPUMaHHS TpHUaiKiapocdiHOKCHAIB,
AKU OyB BIPOBaKeHUM crovarky Ha Jloc-
JiTHOMY BUpPOOHUNTBI [HCTUTYTY, a THOTIM
Ha TIpHUYO-30aradyBaJIbHOMY KOMOi1HATI B
Manrummnaky. TpuankindocdiHokcuau 3Ha-
WIUTH MIUpOKE BUKOPHUCTAHHS SIK €KCTpare H-
TH PIAKO3eMEIbHUX METaJliB Ta aKTHHIIIB B
ripoMeTanyprii 1 pagioxXiMidHi i TPOMHUCIIO-
BocTi. LI po3poOka Oyia Biji3HAYEHA TPEMi-
ero Kabinery MinictpiB CPCP (1987 p.).
O.B. KipcanoB 3anpocuB Ha po0OOTy B
[HCTUTYT MOJIOIOTO TaTaHOBUTOTO XiMiKa
HO.I'. T'omono6oBa 3 MockBu. Opiii ['puro-
poBUY OyB 3aCTYNHUKOM JHPEKTOpa 3 Hay-
KOBO1 po0OOTH, TIOBTMi Yac OYOJIIOBAB B
XiMii €JIeMEHTOOPraHIYHUX CTIOJYK, 3p00OuB
3HAYHUM BHECOK B IO Taly3b HaykH, OyB
oOpanmii  uneHoM-KopecnoHaeHToM  AH
VYkpaian. Y BiaAial BUBYAIKCH TepeTo3aMi-
mieHi imiau gocdopy, raJoTeHOTPOIHI MiT-
pamii, mpoTtoTpomisi y ¢ochop-Byrieuesii
cucteMi, GocdazoimigHa TayTOMEpIsl, TUKITI-
3aIi Ta me perpymnyBaHHs LT THUX CUCTEM.
3acTyTHUKOM JTHUPEKTOpa 3 HAYKOBOI PO-
6otu Incturyry O.B. KipcanoBa 0yB
A.Jl.Cunuus. J1o Woro 4ynucesib HUX HayKOBUX
3M00YTKIB BIJTHOCUTBCS PO3POOKAa METOIIB
CHHTE3y 1 MOCIHIDKCHHS BJIACTUBOCTEH 1Mi-
Ho(ochoHaTiB. 3aiiMaBcs TaKoX MPUKJIA-
HUMH pO3poOKaMu I HAPOJHOTO 1 CLIbCh-
KOT'0 TOCIOJapcTBa, 0OOPOHHOT MPOMHUCIIO-
BocTi. [lig xepiBHuIITBOM A.Jl. CunHuIl po3-
pobnienuii 1 BpoBanxkeHuii Ha Kb [liBne HHe
cTalbiTi3aTop EMOKCHIHUX CMOJ, 3aBASKH
AKOMY OyB CTBOPEHHU HaMKpamiuid y CBITI
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3a BaroBUMHU TNapameTpaMu KOPITyC TBEPIO-
MAJMBHOTO PAKETHOTO ABUTYHA.

Jlo mnesinu HaykoBoi mkoau O.B. Kip-
CaHOBA BXOJWTh 3HAHUW XIMIK, YJICH-
KOPECTIO HAE HT HAH VYkpainu
O.LKonoaskauit. Moro nociimkeHHs B Ta-
ny31i hochopopraHiuHUX CIOJTYK, 30KpeMa B
ximii 11iaiB pochopy, 100pe BioMi CBITOBI I
HayKOBI1# CTIlJIb HOTI.

O.B. KipcanoBa mnoB’s3yBaiu  IUTHI
npodeciiiHi CTOCYHKH 1 JIOJCHKA Apyxk0a 3
BIJOMUMU BITYMZHSAHUMH Ta 3apy0iKHUMU
xiMmikaMu. BiH MaB apy>kHI CTOCYHKH 3 JIBi-
4yl HOOeneBChbKUM JaypeatoMm JlaliHycom
[TomiHrom.

O.B. KipcanoB yBikoBiuUB ce0Oe B HaylI
JBOMa IMEHHUMH PEaKIsIMHU — PEaKIiisi ami-
HOCTIOJTYK 3 TeHTaxjopuaoMm d¢ocdopy Ta
peakiiisi OKMCHIOBAJIbHOTO IMiHYBaHHS CIIO-
JIyK TpuBalieHTHOTO (ochopy AMXI0pami-
Hamu. L{i 1Bi peakiii € OCHOBHUMH METOla-
MU OTpUMaHHs (Hocda3zocnoayk.

b.€.IlaTon Bpyuae O.B. KipcanoBy numiom na-
ypeata JlenHchkoi ipemii 1974 p.

JlepkaBa TiHO OIiHWJIA HAYKOBY JIi-
sutbHICTH O.B. KipcanoBa: 3a qociii»KeHHS B
rany3i ¢ochopopraHiyHUX CHOJyK HOMY B
1974 p. Oyna mpucymxena JIeHIHCbKa TIpe-
Misl.
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VY 1983 p. nupexropom IHCcTHUTYTY OYyI0
npm3Hayeno JI.LM. MapkoBCbKOro, y4Hsi
O.B. KipcanoBa. Ha Toii yac oMy BHIIOB-
HUWJIOCh BChOTO 44 pOKU.

JI.M.MapkoBchbkuii 3akiHauB «JIbBIiBCh-
Ky MOJIITEXHIKY» 1 BCTYIHB J0 acHipaHTypHu
[HcTuTyTy Opraniusoi ximii AH YPCP.

HaykoBum kepiBHukom JI.M. Mapkos-
cekoro Oyna mpodecop K.C.JlepueHko — Bi-
oMU BYEHHUH B 00ONacTi CipKOOPraHidHUX
HayK. BoHa 3aliManach NOCHIKEHHSIM pea-
KIii OKHCIIOBAJbHOTO IMiHYBaHHA CipKH,
CeJIeHy Ta 1X HeOpraHiuHUX CHONYK. Pe3ynb-
TaTU IUX JOCII/Ke Hb 3HAUIIIIN IITUPOKE B H-
3HAHHA 1 YCTIIITHO BUKOPHUCTOBYIOTHCS B Ha-
YKOBI# MPaKTHII.

JI.M. MapkoBcbKkHii OyB OJUCKY4YUM €K-
criepuMeHTatopoM. Moro KaHamWaarchka, a
NOTIM 1 JJOKTOPChKa JUCepTallsi OyJu mpuc-
BSUCHI XIMil CIpKOOpraHiYHUX CIHONyK. BiH
BUKOHAB TpeKpacHi poOOTH, fKi BUMaraiu
Haa3BUuaHOi MakicteprnocTti. JI.M. Map-
KOBCbKMM pazoMm 3 acmpantom, B.IO. Ila-
IIMHHUKOM, MaiOyTHIM mpodecopom, Oyro
BUHAWIEHO Iia- 1
JIK1JIaM1HO TpU -
TOpCyJb( ypaHu.
JliankinamiHOT-
pudpropcynbpy-
paHu € M’SIKUMU
1 CEJIEKTUBHUMHU
dbropyrounmMu
peareHTamMu, SKi
3HAMIIJIN IUPO-
K€ 3acTOCYBaH-
HI B CHUHTe3l
610JIOTIYHO aK-
TUBHUX (TOPO-
BMICHUX  CIIO-
JyK.

Axanemik HAH Ykpainu
JL.LM. MapkoBcCbhKuii
(1939-1998)
nupektop [Heturyty
(1983-1998pp.)
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Koo Hay-
KOBUX  1HTEpeciB
JI.M. MapxkoBce-
Koro Oyyno HaJaBU-
YaitHO LIUPOKE.
OxpiM cipko- Ta

dbTopoopraHidHOT
XiMii, BiH 3aiiMaB-
Ci CIHOJyKaMu 3
HEKJIaCUYHOIO0 KO-

OPIMHAINIEID  aTo-

Hpodecop mMa  dochopy —

JL.M. ArynonbcbKuil MOXiZHEMH Tiro-
(1922-2009) Ta  TINEPKOOPAHU-
HOBaHOTO (hocdo-

py, a TaKoXX 30BCIM HOBOIO Ha TOW dac

XiMi€l0 (GocPopoBMICHUX KpayH-eTepiB. Y
1991p. 3a mocmigxeHHI B Taly3l KpayH-
etepiB JI.M.MapkoBcbkuii  onepxas Jlep-
KaBHY MpeMil0 YKpaiHH B raiy3l HaykKH i
TexHikd. OKpiM  QyHIaMEHTaJbHUX J10-
CHpkeHb, Oararo yacy 1 eneprii JleoHin
MukoslaioBrd  NPUCBSAYYBAB  IPHUKJIIAIHUM
po3pobkam. Ha Jlochianomy BuUpPOOHHUITBI
[HcTUTYTY HMM OYJIO HaJlaroJKEeHO BUITYCK
1Hr101TOPIB TOPIHHS TMOJIMEPHUX MaTepiaiB
Ta CyOCTaHIIW JIKapchKUX TIperapaTiB 1
[IECTULA/IIB.

BcecBiTHRO BiZOMa HayKoBa IIKOJA 3
ximii ¢Topy Oyna cTtBOopeHa B IHCTHUTYTI
npodecopom JI.M. Srymonbcekmm. JleB
MoiiceeBUY PO MUIIOB CJIABETHUM KUTTEBUU
nusix. Y 1939 p. BiH BCTynMB Ha XiMIYHUI
¢daxkynprer KHiBCHKOTO YHIBEPCHTETY IM.
T.I'. IlleBuenka, aje moyanacs BiliHa, SK
XiMika Horo OyJi0 HampaBieHO Ha HaBYAHHS
o Bilicbk0BO-XIMI4HOT akageMil B
Camapkanni. Biiiny JI.M. Srynonbcbkuit
3aKiHYMB HAYXIMOM JIUBi3ii y 3BaHHI KariTa-
Ha 1 OBEPHYBCS O HABYAHHS B PIAHUI yHi-
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BEPCUTET. ¥
[licns  3akin-
YeHHs  yHi-
BEPCUTETY

BiH BCTYIHB
JI0  acripaH-

Typu TiJ Ha-

YKOBUM Kepi-

BHULITBOM

A.L Kinpiaro- Axanemik HAH Ykpainu

Ba. Ilpomony- M.O. Jlo3uHCchKUit

04U  CBOEMY (1933-2011)

acIpaHTy Te- Hupexrop [HcTHTYTY
(1998-2011)

My KaHIUIaT-

CBKOT qucepralii 3 CUHTE3Y LiaHiHOBUX Oap-
BHHKIB, siki MicTaTh ¢rTop, A.l. Kimpianos
3ayBaxuB: ‘“XiMis (TOPOOPraHiyHHUX CIIO-
JYK, OCOOJIMBO T€TEPOMUKIIYHUX, TYKE Ma-
JI0 BUBYEHA, B HAlIii KpaiHi OMy0JIIKOBaHUX
mpaik y i obnacti Hemae. S cam 31 criony-
kamMu (Topy HIKOJM He mpaigoBaB. Crpo-
oyiure. Slxmo y Bac Hivoro He Buiine, TeMy
3minmmo”. ¥V JI.M. Arymnoibchkoro Bce BU-
HIuwio i1 #oro po0OTH 3aMovyaTKyBalid XiMIIO
dTopoopraniyHuX crioNyk B Ykpaini. [licis
3aXUCTy KaHmumarcbkoi nucepramii B 1951
p. JIL.M. frymosscekoro Oyiio HampasieHO
Ha po6oTy B IHcTUTYT Opraniusoi ximii AH
YPCP y Biaain koyopy Ta OyIOBU OpraHi-
YHHX CTOJIYK, sSIKUM 04oioBaB akaneMik A.l
Kinpianos. 3aBasku 3ycuwuisim JIL.M. Ary-
MOJIbCHKOTO 1 CHiBpPOOITHUKIB BiIJILITYy, pO3-
No4aBCcs CTPIMKHUN PO3BUTOK HOBOTO HayKoO-
BOTO HANpsIMKY B Taly3i XiMil eIeMeHTOOp-
TaHIYHUX CIOJNYK — XiMiS apOMaTHYHUX Ta
reTepo UKJIIY HUX CTIOJIYK 3 (TOPOBMICHUMHU
3aMICHUKaMU. [HTe HCMBHO MPOBOJIMINCH J10-
CIIJPKE HHS 3 CUHTE3Y Il aHi HOBUX OapBHHKIB
3 (propoBMiICHUMM 3aMiCHHKaMu B TeTepoO-
MUAKJIIYHAX spax i 3 aToMa-
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MU pTopy Ta mepdTopoaNKiIbHUMH Tpyma-
MUY TIOJIMETHHOBOMY JIAHITIO31.

Ha mouatky 90-x pokiB JI.M. Arymos-
CbKUM C(OpPMYJILOBAHO NPUHIMII KOHCTPY-
roBaHaa HaacwibHUX CH, NH ta OH kucaot
IUISIXOM BBEJIEHHS B MOJIEKYJy €JIEKTPOHOa-
KIENTOPHUX (PTOPOBMICHHUX CYyIbGOTPyIL.
Bin Bimomuii y cBiTOBIH JmiTeparypi SK
npuHOUI Arynoibchbkoro. BigkpuB Takox
peaKiiro MPsIMOTO KaTaIiYHOTO aMiHyBaHHS
rajoiapeHiB, sKa 3apa3 BigoMa SK peakins
byxsanpna—Xapreira—Srynonscekoro. JI.M.
SArynonbchbKuM po3poOJIeHO 1 BIPOBAJIKE HO
y MEIWYHY MpaKkTUKy HIBKY JIKapCbKUX
npemnapatiB. 3acayru JIbBa MoiicelioBuaa

Oynu BIJ3HAYEHI JICP)KABHOIO TIPEMIEIO
YPCP, npeMi€ro Panu MIHICTPIB
JlatBitickkoi PCP, pgepkaBHOIO TMIpeMi€lo

Vkpainu. BiH CTBOpUB MOTYXHY HayKOBY
mkony 3 ximii  ¢ropy. Ilim  #oro
KEepIBHULTBOM 3axucTuiaoch 90 kaHauaaTiB
Ta 11 gokTOpIB HAYK.

JIOCTOWHMM  TOCJIIOBHUKOM  CHIpaBU
JIpBa Moiicefionda € Horo cuH, mpodeccop
I0JI. Arymonbcekuii. Bin ycnimHo Kepye
BiAAUIOM XiMii (PTOpPOOpPraHiuHUX CIONYK 3
1988 poxky.

Y 1998-2011 pp. nupektopom
[ncturyry Oyno mnpmsHauenHo M.O. Jlo-

3UHCBKOTO. Bin OTpUMaB XIMiKO-
TEXHOJIOTIYHY  OCBITY B  JIbBIBCBKIi
nomitexuiui. IIpamoBaB y PyGixHOoMmMYy,

MOTIM BCTyNUB JO acmipaHTypu [HCTUTYTY
opraniuHoi ximii AH YPCP. 3axucTtuB kan-
IUIATCbKy MUCEPTALil0 i KepPiBHUITBOM
I1.C. Ilenbkica. BpaxoByrouu TEXHOJIOTIUHY
OCBITy, OpraHi3aTopcbki 3M10HOCTI  Ta
emeprito  Mupona OmnydpitioBuya, O.B.
KipcanoB HampaBuB #oro mnpamroBaTH Ha
BIATIOBIAabHI TIOCAAM IMIOWHO CTBOPEHOTO
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Hocnignoro BupoOHuurBa Incturyry. ba-
raro 3ycwib M.O. JIo3MHCHKUN TPUIIISIB
po3pol cyOcTaHI i JTKapChKUX
MpemnaparTiB, CTBOPEHHIO iX TEXHOJIOTiH Ta
BIIPOBA/I’KEHHIO B MPAKTUKY. AKaZEeMIKOM
C.B. Komicapenkowm cminbHo 3 M.O. JIo3un-
CbKUM OyJI0O po3poOJIeHO BITYM3HAHUN TPO-
tunyxiauHHuil npemapar MEBI®OH. M.O.
Jlo3uHCHKUH BAaj0 TOEIHYBAB MPUKIIAIHI
Ta (yHIaMEHTalIbHI AOCHIkeHHI. BiH OyB
BIJJOMUM CIIEINlaJIICTOM Y Tamy3i ximii (i3i0-
JIOTIYHO aKTUBHHUX T'€TEpOUUKIIYHUX CIIO-
ayk. Y 2003 p. BueHumu pagamu [HCTUTYTY
opraniuHoi ximii HAH Ykpainu Ta HamoHa-
JbHOTO (apMaleBTUIHOTO  yHIBEPCHUTETY
Oys0 3aM04YaTKOBAHO BUITYCK HOBOI'O HAyKO-
Boro BuwaaHHsd — JKypHamy opraHiuHOi Ta
(dhapMareBTHIHOT XiMii.

HaykoBy Ta BMHaxXiqHHIBKY JisIbHICTH
M.O. Jlo3uHchKOTO OYyJIO TIiAHO OIIl HEHO
JIEPKaBOI0 Ta HAYKOBOIO CIiJIbHOTOIO. BiH
MaB 4YWCJCHHI YpSJAOBI Haropoau, OYB
YIOCTOEHUH 3BaHHS TOYECHOTO JOKTOpa
CBO€1 ambmMa-marep JIbBIBCHKOT MO TEXHIKU.

3 2011 poky IncTuTyt ouosoe akasne-
mik HAH Vkpainu B.I. Kansuenko. Hapo-
nvBca y M. Bopox6a na Cymmuni. Y 1972
p. 3aKiHYMB 13 Big3HaKOW KuiBChKUi moJIi-
TexHIYHUN 1HCTUTYT. [loHag 45 pokiB mpa-
moe B IHcTuryTi opraniunoi ximii HAH
VYkpainu, ne 3 1998 poky odosmoe Bl Xi-
mii ¢ocdopanis. B.I. Kaimpuenko — naypeat
JepxaBHOT mpeMii YKpaiHU B raiay3i HaAyKH i
TeXHIKH, HaropoJkeHuil rpamotamu Kali-
HeTy MiHICTpiB YKpainu Ta BepxoBnoi Pagu
Vkpainu, BigzHakamu HAH Vkpainn. B.I.
Kanpbuenko — mouecHut goktop HTK
«IacTutyr mMonokpuctraniBy HAH VYkpainu
Ta [HCTUTYTY HeopraHiuHoi XiMmii iM. A.B.
Hikonaesa CB P AH.
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Axanemix HAH VYkpainu
B.I. Kanpuenko
Hupexrop [Hctutyry (3 2011 p.)

Biraniit IBaHoBma — (axiBemp y ranmysi
opraniuyHoi, Oioopranignoi, docdopoopra-
HIYHOT Ta cymnpamoJieKymsipHoi ximii. Bin —
yuenp akanemikiB O.B. KipcanoBa Tta JI.M.
MapkoBcrkoro. B.I. Kampbuenko 3poOuB Ba-
roMuil BHECOK y XiMir0 (ocdopoopraHiy HUX
CMOJIYK 3 HETPAAUIINWHOK KOOPAHMHAINEIO
aroma (ocdopy. Bin 3ampomnonyBaB mepc-
MEKTUBHUM TAXIJ 0 CHHTE3Yy IUKIIYHHUX
(MaKpOIMKIIIYHAX) TOXiTHUX TEKCaKoOp/ -
HOBaHOTO (ochopy, CHUCTEMATHIHO JOCIHIi-
nuB  GocdopoTponHi TayroMepHi Mirpartii,
SIKI MOJICJTIOIOTh €JIEMEHTapHI CTazli peakin i
dbocdopy, B Tomy uwuci nporecu 0iodocdo-
puwmoBaHHA. Ha manuit 9yac gociijxeHHs
B.1. Kanpuenka cropsiMoBaH Ha MOJIEKYJIS p-
HUW 1W3ailH, CUHTE3 Ta BUBYEHHS CYIIpaMmo-
JeKYyJSIpHUX B3aEMOJINA  MaKpO IHKJIIYHUX
CIIOJIYK — KpayHeTepiB, KaJlikcapeHiB, TiakKa-
JIKCapeHIB Ta KaliKcpe3opuuHapeHiB. Bin
CUHTE3yBaB OpUTiHaIBHI (ochopoBMiCcCHI
KaJlikcapeHH, Kl 32 €(EeKTUBHICTIO Ta cele-
KTHBHICTIO €KCTpaKIii aKTHHIJIB, JaHTaHi-
JiB, METAIIB IJIaTUHOBOI TPYMH, TEXHEINIO
(OCHOBHHMX KOMTIOHEHTIB BIJIIPAIbOBAHOTO
SJIEPHOTO TAaliBa) MEPEBUIIYIOTh BiIOMI Ha
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CHOTOJIHI IPOMHCJIOBI €KCTPare HTH.

B.I. KanpueHko € 3HaHWM Yy CBITI Bue-
HUM. BiH npaigroBaB 3amnpomeHuM mpodeco-
POM y 3axiIHUX yHIBEpPCUTETaX, BUCTYIAB 3
IJIEHAPHUM U IOTIOBIISIMU Ha O ararb0x MixK-
HapOJHUX KOH(EPeHIAX, BXOJAUTh 0 CKJa-
Jly OpraHi3aii iHuX KOMITETIB HU3KU KOH(pe-
PEHII .

B.I. Kanmpuenko po3poOuB 1 BIPOBaAIUB
Ha JlocmiiHoMy BupoOHUITBI [HCTUTYTY Op-
raniuHoi ximii HAH VYkpainm texHomOriI0
CUHTE3y CyOCTaHIii MPOTUIYXJIHMHHOTO TIpe-
napaty «Mienocan», M0 Jal0 3MOTY TMOBHI-
CTIO 33JOBOJILHATH TIOTpeOM VYKpaiHH B
bOMY JiKapchkoMmy 3aco0i. CTBopeHO Ta
BIPOBAJI)KEHO TEPMOCTAOLII3aTOPU TOJIIMe-
pPHUX MaTepialiiB CclieliabHOrO MpU3HAYE H-
HSI JIJIS aBlamiifHOI Ta pake THOKOCMIYHOI Te-
XHIKH.

Ha cworogni B IHCTUTYTI Ha CBITOBOMY
piBHI NpOBOAATHCS (yHIaMEHTalIbHI JOCIHi-
JOKEHHS 3 LIJIECTIPIMOBAHOTO MOJIEKYJIS pHO-
ro AM3aifHy Ta CUHTE3y HOBUX THIIB (i3io-
JIOTIYHO AKTHUBHUX e TePOIUKIIYHUX Ta Ma-
KPOUMKIIYHAX  CHONYK. Po3pobistoTbes
CTEPEOCEIeKTUBHI METOIH1 CHUHTE3Yy
C€HAHTIOMEPHO YHCTHX OPraHidHUX CIOJYK
pi3HOMaHITHUX KiaciB. CTBOPIOIOTHCS HOBI
MeTonu (pTopyBaHHS.

[HHOBamiiHI po3poOku [HCTUTYTY cripsi-
MOBaHI Ha CTBOPEHHS JIKApChKUX Mpemapa-
TiB, (i310JIOTIYHO aKTHUBHUX PEUOBUH IS
MEJIMIIMHU Ta BETepHUHApIi; 1laHIHOBUX Oap-
BHUKIB JJis1 (POTOBOJIBTAIKH, rosorpadii, ma-
3epHOi TEXHIKHU; KaTalli3aTOpiB OpraHidHUX
peakmiii s XiMi4HOI MPOMHMCIIOBOCTI; BU-
COKOCEJIEKTUBHUX KOMIUIEKCOYTBOPIOBAYIB
MOJIEKYJI Ta 10HIB JUJII CEHCOPHUX IPHUCTPO-
iB, EKCTpareHTiB Ta COpPOEHTIB paliOHyKIi-
niB. I[piopiterHuMu st [HCTUTYTY € MIXK-
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JTUCUMIUTIHAPHI  1HHOBAIiHI HAyKOBi pO3-
poOKH, SKi BUKOHYIOTHCSl y CIIBIpAlll 3 BIT-
YIBHIHAMH Ta 1HO3EMHHMH HAayKOBIFIMHU 3
BUKOPUCTAHHAM CHUHTE30BaHMX B [HCTHUTYTI
crosiyk. B [HcTUTYTI MiKpoOiosorii Ta Bipy-
cozorii iMm. J[.K. 3a6onornoro HAH VYkpai-
HU BCTAHOBJICHO, IO CUHTE30BaHi B [HCTH-
TYTI OpraHiyHoi Ximii opuriHajbHi (GTOPOB-
MICHI HYKJICO3WIH 3a CBOEIK aK-THBHICTIO
NEPEeBUIYIOTh  BIJIOMUH  aHTH-BipyCHUI
npenapaT ALUKIOBIp. Y CHiB-Tpall 3 Hay-
koBIFIMH [HCTUTYTY (dizionorii iM. O.0. bo-
romonbld HAH Ykpainu nokasano, mo no-
X1IHI aM1IMHOKYMapHHy 3 peKOpaHoto ede-
KTHBHICTIO MPUTHIYYIOTh pH-uyTiuBI 0 HHI
KAaHAJIA 1 € TOTEHIIWHUMH aHTHI [IIEMIYHAM U
npenapataMmu. Y CHiJib-HOMY NpoeKTi [HeTu-
TYyTy OpraHidHoi ximii, [HcTHTYTYy 3araib-
HOi Ta HeopraHiuHoi xiMmii imM. B.I. Bepnan-
cekoro HAH VYkpainu ta KuiBchkoro Harii-
OHaTbHOTO YHiBepcuTeTy iMmeHi llleBuenka
MOKa3aHO, M0 KOMITJICKCHI CTIOJYKH TOXiJ-
HUX 2-aMiHOTIa30Jly 3 MIJIII0 Ta ManaaiemM
MalOTh  BHUPaXEHy aHTU-MPOJidepaTuBHY
JiI0 1 € TePCTIeKTUBHUMHU UL CTBOPE HHSI
MPOTUITYXJIUHHUX Tpena-paTiB. Y CIIiIbHO-
My TpoekTi 3 [HCcTUTyTOM Xap4uoBOi OGi0TEX-
Houiorii 1 reHoMiku HAH Ykpainu nposene-
HO AW3aiiH 1HT101TOpIB CUHTE3Y O1JIKa B KITi-
THHAX MIKpOOpraHi3miB. ¥ pe3yJibTaTi 3Haii-
JIEHO XIT-CTOJYKH, MEPCHEeKTHBHI A CTBO-
peHHS HOBUX PO TUTYOEPKYIHO3 HUX
npenapatiB. Ha 3amoBnenns MBC Ykpainu
[HcTuTyrom Oyno BHKOHAaHO HAyKOBO-
JOCIITHY pOOOTY MO CTBOPECHHIO 3aMaXOBHUX
PEKBI3UTIB HAPKOTHYHUX PEUOBHH IS Tpe-
HYBaHHA CJIyXOOBHX COO0aKk KiHOJOTIYHHUX
MiIPO3/ILIIB. 32 pe3yibTaTaMU I[bOTO TPOEK-
Ty pO3poOJieHO IMITAaTOPHU 3amaxy Hapko-
TUMHUX PEYOBUH, SIKI 3aXMIICHI Mare HTaMU
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YkpaiHu i 3HAXOAATHCS Ha CTajli BIPOBAJI-
K€ HHS.

Benukuii 1HHOBAII MTHUI NOTEHIH A Ma-
I0Tb CHUHTE30BaHi B IHCTUTYTI OpraHiuHi
O6apBHuKHU. CriJibHO 3 [HCTUTYTOM BUCOKHUX
TEXHOJIOT1# yHiBepcureTy iM. Tapaca Illes-
YeHKa Ha OCHOBI OapBHUKIB Oyju CTBOpEHI
JIOMIHECIICHTHI COHSYHI KOHBEPTOPH IS
MmABUIICHHI €()eKTUBHOCTI KpeMHie€BUX (o-
TOEJIEKTPUY HUX TIEPETBOPIOBAUIB.

3arpeOyBaHMMU 00’€KTaMHW  MiKIHC-
[UIUT HAPDHUX 1HHOBAIWHUX pO3pO0OK €
KaJTIKCape HU — YaIIomo 110 Hi MaKpo IUKJIIY Hi
CIIOJIYKH, SIKI 37]aTHI yTBOPIOBAaTH CyIpa-
MOJIEKYJIIpHI KOMIUIEKCH 3 O10JIOTIYHO 3Ha-
YUMH MOJIeKylamMu Ta WoHamu. CrijbHO 3
akagemikom HAH Vkpainm C.B. Kowi-
CapeHKOM TI0OKa3aHO, IIO0 KaJlKcapeH-
MeTwie HOic(hocHOHOBI KUCIOTH YTBOPIOIOTh
CYTNPaMOJICKYJIIPHI KOMTUIEKCH 3 (P10 puHOM
1 TalbMYIOTh Horo mosiMmepwusamito. Ha na-
HUW dYac Taki KHCJIOTH MPOXOASATh JdO-
KJIIHIYHI JTOCJIPKE HHSI, METOIO SIKMX € CTBO-
peHHs aHTUTPoMOOTHKIB. CHiIbHO 3 aka-
nemikoM HAH Vkpaiau C.O. Kocrtepinum
Oyno 3HalmeHO €(EeKTHMBHI 1 CEJICKTHBHI
KajmikcapeHoBl 1Hri6iTopu ATD 3anexHUX
10HHUX HAacOCIB y KIITHHaxX TJageHbKUX
M’s131B. Takl CTIONYKHM € TIOTEHINl HHUMH TIpe-
napatamu AJis JTIKyBaHHS T1aTOJIOT1 i, BUKIIU-
KaHUX TMOPYIIEHHAMHU  10HHOTO OOMIHy.
Hmska cuHTe30BaHMX KallikCapeHIB BHUBYA-
gace B IHCcTUTYTI OloopraHiusoi ximii Ta
HadToximii im. B.IL.Kyxaps HAH VYkpainu
yneHoM-kopecrioHaeHtoM HAH  Vkpainu
A.l. BoBkoMm. BcranoBieHo, mo Kajikca-
peHDOCHOHOBI KHUCIOTH € €(PEKTUBHUMHU Ta
CEJIEKTUBHUMH 1HT10ITOpaMU TepaneBTUY HO
BaXIuBUX (ocdaraz pi3HOMaHITHOTO IIO-
XO/KeHHS. BOHM MalOTh MEepCTEKTUBY 3a-
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CTOCYBaHHS TIpW JIKYyBaHHI JiabeTy Ta SK
NPOTUIYXJIUHHI TpenapaTH. AKTyaslbHOIO
MEJIMYHOIO Mpo0JIeMOI0 € po3poOKka Tmpe-

mapaTiB Al MOJOJIaHHA  JIKapChKOI
pesucteHTHoCcTi. B IHCTHTYTI ekcmepu-
MCHTAJbHOI  MaToJOrii, OHKOJIOrii  Ta

panmio6ionorii im. P.B. Kasempxkoro HAH
Vkpainu akagemikom B.®. YexyHoMm moka-
3aHO, 10 KajikcapeHMeTmieHoichochoHoBa
KHCJIO0Ta 1Hribye Aaito P-rmikompoTeiHiB, ski
BUIAIAIOTh KCEHOOIOTHKH 3 KIIITHH, 1 TAKUM
YUHOM 3HIKYE iX PE3UCTeHTHICTh 0 Mpo-
TUITYXJIMHHOTO npernapary “Ilokcopy-
oluu”.

TpagumiitHoto Temarukoro [HCTUTYTY,
AKa aKTUBHO PO3BUBAETHCS, € PO3POOKA KO-
MIUIEKCOYTBOpIOBauiB  panioHykiiaiB. Ha
OCHOBI CHHTE30BaHUX KaJIIKCapeHOBUX KO-
MIUIEKCOyTBOproBaviB  koseramu 3 HTK
«lncTuryT MoHOKpucTamiBy HAH Vkpainu
CTBOPEHO COpOEHTH, 0 e(eKTUBHO 1 ce-

JIEKTUBHO BUAAJAIOTH PAJIOHYKIAM 13 3a-
OpyaHEe HUX MPUPOTHUAX BOJT
YOPHOOMIIbCHKOI ~ 30HM  Ta  aTOMHHX
€JICKTPOCTAHIII H.
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B Inctutyti (pi3uku HamiBIpPOBiJHUKIB
iMm. B.€. JlamkaproBa HAH VYkpainu Ha
OCHOBI KaJliKCapeHiB OyJI0O CKOHCTPYHOBAaHO
xemoceHcop «Enextponnuii Hic». CtBOpe-
HUI CEHCOp — II¢ 1HTEJeKTyallbHa CHUCTEMA,
sKa 37aTHA PO3MI3HABATHU MapH OPraHiyHUX
CIIOJIYK y TIOBITP1, (hOpMyBaTH iX mUpoOBHiA
o0pa3, 30epiraTu HOro B EIEKTPOHHIH
mam’saTi 1 BUKOPHCTOBYBAaTH TIPU aHa31
TOKCUMHUX PEYOBUH Ta JUIS KOHTPOJIO
AKOCTI ~ XapuyoOBUX  MPOJYKTIB,  HAMOIB,
napdymiB TOLIO.

3a  OGararopiuHy
pobGiTHukamu  [HCTUTYTY
8000 mHaykoBHMX cTaTe#l 1
MoHoTpadiii, omepxano 1550 aBTOpPCHKUX
CBIJIOITB Ta TMAaTeHTIB. [HCTUTYTOM mif-
roToBieHo 350 xka"guaTiB Ta 65 ITOKTOPIB
HayK. Po3pobku IHCTUTYTY OysO HmIMPOKO
BIIPOBA’)KEHO B MEJHMIIMHY, HAPOJHE TOCIIO-
JapCTBO, 0OOPOHHY MPOMMUCIIOBICTh. 32 CBOT
HAyKOBI1 JOCSATHE HHS, BIIPOBAJI»Ke HHS
pe3yJbTaTiB JOCHIKeHb, MIATOTOBKY Hay-
KOBUX KaapiB [HCTUTYT ynmoctoeHUil BUCO-
KHX JIepKaBHUX HAropoJi i mpemiii.

ICTOpil0  CIiB-
O yOJIIKOBAHO
Bunano 90

127



