


MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE

NATIONAL TECHNICAL UNIVERSITY
«KHARKIV POLYTECHNIC INSTITUTE»

Yu. . Tur, M. V. Ved’, M. D. Sakhnenko, I. Yu. Yermolenko

ELECTROCHEMICAL SYSTEMS Fe-Co-Mo(MoO,):
ALLOYS AND COMPOSITES

Monograph

Kharkiv 2021



UDC 621.357
T95

Reviewers: O. I. Kunty, Doctor of Engineering, Professor, Professor of the Department of
Chemistry and Technology of Inorganic Substances, National University «Lviv
Polytechnic»
Yu. V. Polishchuk, Candidate of Technical Sciences, Associate Professor,
Associate Professor of the Department of Inorganic Substances and Ecology
Ukrainian State University of Chemical Technology

Published by the decision of the Academic Council of the National Technical University «Kharkiv
Polytechnic Institute»; Protocol Ne 11 from 26.11.2021.

TurYu. I.

T95 Electrochemical systems Fe-Co-Mo(MoOx): alloys and composites : monograph /
Yu. I. Tur, M. V. Ved’, M. D. Sakhnenko, I. Yu. Yermolenko. — Kharkiv:
FOP Brovin O. V., 2021. — 160 p.
ISBN 978-617-8009-62-5

The monograph contains an analysis of scientific and technical information, as well as the
results of the authors' own long-term research on the synthesis of multicomponent galvanic
coatings with alloys and composites in the Fe-Co-Mo (MoOx) system. The kinetics of electrode
reactions during the formation of ternary systems has been determined; the influence of
electrodeposition modes on the morphology, elemental and phase composition of coatings has been
substantiated. The relationship between the composition of electrolytes, electrolysis modes and the
functional properties of coatings has been established. An electrochemical technology of ternary
alloys and composites of iron and cobalt with molybdenum is proposed, taking into account the
formation variability.

The monograph is intended for specialists in the field of chemical technology, as well as
teachers, graduate students and students of higher educational institutions.

Figures 71; Tables 26; References 166.

UDC 621.357.7

ISBN 978-617-8009-62-5 ©Yu.I. Tur, M. V. Ved’,
M. D. Sakhnenko, I. Yu. Yermolenko,

2021.



CONTENTS

SYMBOLS AND ABBREVIATIONS
INTRODUCTION. ..ottt ettt te e naennenens
CHAPTER 1 MODERN TENDENCIES OF APPLICATION

OF ELECTROLYTIC ALLOYS BASED OF IRON AND THE FEATURES
OF THEIR DEPOSITION.....ccoiiiiiiieieiie e bbb
1.1 Application of electrolytic alloys based of iron...........cccccooevvveviieviciesenne,

1.2 Selection of alloying components to create multicomponent systems
DASEA ON TFON....eiiiiicc s
1.3 Researchers views on the mechanism of the multicomponent coatings
EPOSIEION. ...ttt
1.4 Binary and ternary alloys based on transition metals doped with
MOIYBABNUM ..ot
1.5 Composite materials based on iron group metals...........cccccoevevveineinnenienenn
CHAPTER 2. KINETICS OF CATHODIC PROCESSES
AND CO-DEPOSITION MECHANISM OF Fe, Co and MO.......ccccccvevvvervriennnn.
2.1 10NIC EQUITIBTIA..c.eiviicieicicieeec e
2.2 Peculiarity of cathodic reactions in the Fe3*-Mo0O,#-Cit? -H,0 and
C02*-M00,2-Cit3-H,0 SYSIEMS......coeviiiiiriiiire s
2.3 Peculiarity of cathodic reactions in the Fe3*-Co2*-Mo0O ,2-Cit3-H,0
SYSEBIM. vttt ittt e bbb bbb bbbt nene
CHAPTER 3 ELECTRODEPOSITION OF Fe-Co-Mo(MoO,)
COATINGS......otcieiieieie ettt bbbttt b bbb b rnnenas
3.1 Electrolytes of deposition..........ccociviiiiiineiiiiiceseesee e
3.1.1 Peculiarity of electrolyte preparation............cccccevvevereriienisienensnenn
3.1.2 The electrolytes scattering ability.............ccocovevveviiiriieici e,
3.1.3  Electrolyte viscosity

3.1.4  The electrolytes electrical conductiVity..........ccocoveivveniiiiieiniin oo
3.1.5 The electrolytes buffer capacity.........cccccvvevriieriiiiiiiiiiccecen,
3.2 Electrodeposition of Fe-Co-MO0 COAtINGS........cccerveieierieiieisieie e
321 Galvanostatic MOUE. .....c..oveveiiiirieieerce s
322 PUISE MOGE.....ceiiiieiiiieieee e

12

15

18
24

27
30

37

49

57
59
59
61
63
65
66
67
67
70



3.3 The alloy components distributions by the thickness of the coatings..........
CHAPTER 4 STRUCTURE AND SURFACE PROPERTIES OF

COATINGS.....oiteieieirieie ettt b bbbt bbb nesenas
4.1 Composition and MOrphology.........cccereeriiiiiiieiei e
4.2 Phases composition of the Fe-C0o-M0 COatings..........coevviireeierieiesiericesieneas
4.3 Free surface energy of alloys.........ccocoviviiiiiiciicicee e
4.4 SUrface tOPOGraPNY......ccvciieiii ettt
CHAPTER 5 FUNCTIONAL PROPERTIES
5.1 Physico-mechanical Properties.........ccccoeveieerieririiiseneeseeee e
5.2 Thermal Stability........cccccoviiiiiiiiiiicciee e
5.3 MagNetiC PrOPEITIES.....cveveviieeieieieie ettt

5.4 SENSOIIC PrOPEITIES..c.viviieriiieietisieteste ettt e st s ettt se bt resbe st eenens
5.5 COrr0SiON rESISEANCE. ......coviveviririiieiiristeiee ettt
5.6 Electrocatalytic properties of Fe-Co-Mo alloys.........cccccovverveiiiiecrcinnene.
5.6.1 Catalytic properties in the electrochemical oxidation reaction of
low molecular weight alcohols............ccoveiiiiicieieiec,
5.6.2 Catalytic properties in the electrochemical hydrogen evolution
TEACTION. ...ttt bbb
CHAPTER 6 PHENOMENOLOGICAL DESCRIPTION OF
ELECTROLYSIS PARAMETERS DEPENDENT FROM CURRENT,
PROPERTIES OF ELECTROLYTE AND OF THE Fe-Co-Mo COATINGS
6.1 Modeling the scattering ability of electrolyte..........cccccovvveiiiiiiieiciiiis
6.2 Description of the current efficiency dependence on the current
(o[- 101 Y2 SO SEOR P STORPRTST
6.3 The dependence description of the alloys-forming components content
on the cathode current densSity..........ccovcvirieiieieiiieiese e
6.4 Prediction of Fe-Co-Mo coatings properties and characteristic of
deposition teChNOIOGY........cciviiicirieicee e
REFERENCES.... ..ottt bbb n e aenne s

114

120

127
128



