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The study aims at the investigation of the morphology and topography of the ternary Fe-Co-Mo
electrolytic coatings. Compositions and morphology of the alloys are examined by scanning electron
microscopy and X-ray analysis. Both topography and surface roughness are studied by an atomic force
microscopy AFM using a NT-206 microscope. The Fe-Co-Mo coatings with an iron content of 47 at.%,
cobalt 28 at.% and molybdenum 25 at.% are deposited on mild steel substrate by pulse electrolysis mode
from citrate bath with the ratio of concentrations c(Fe’*):c(Co’):c(MoO;") = 2.5:3:1. Atomic force
microscope analysis topography of the coatings Fe-Co-Mo at the scanning area 39.9%39.9 um show that
their surface is more developed compared with the substrate material. Moreover the AFM analysis of the
coatings morphology and surface topography indicates the parts with a globular structure with an
average conglomerates size of 0.2—0.5 um and singly located sharp grains. Within the same scan area,
sites with a developed surface are detected the topography of which is identical to the crystal structure of
cobalt with the crystallite size in the range of 0.2—1.75 um. The parameters R, and R, for parts with
different morphology as well as average characteristics of coatings demonstrated the low roughness of the
surface. Electrolytic deposits Fe-Co-Mo can be attributed to 8-9-th class of roughness. The study tested
the magnetic behavior of Fe-Co-Mo coatings. The coercive force of 7—-10 Oe confirms the soft magnetic
properties of materials which in combination with high microhardness open prospects for usage of
Fe-Co-Mo systems in the production of magnetic head elements for recording and reproducing information.
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INTRODUCTION and surface morphology will determine the
performance characteristics of materials. The
roughness and surface friction are the main
characteristics of the surface quality of the
coatings. Previously, it was shown [5] that
binary and ternary coatings obtained in a pulsed
mode are characterized by higher microhardness
and wear resistance due to their smooth surface.
The roughness of electrolytic deposits can be
significantly decreased using pulse mode [6].
Since the structure of the electrolytic alloys
determine the properties and application of
coatings, study of their morphology and
topography remains relevant. In spite of a
sufficient number of works devoted to the binary
alloy Fe (Co,Ni)-W (Mo) [7-9], matters
concerning the topography and morphology of
ternary alloys as well as their influence on the
properties of the coatings require a detailed study.

The aim of this work is to study the
morphology and topography of the ternary alloy

Surface of machine and mechanism parts in
the operation primarily exposed for external
factors influence that cause wear of friction
parts, the emergence of fatigue cracking,
crushing and at the end — corrosion destruction.
One of the common surface protection methods
is electroplating, wherein coatings by binary and
ternary alloys of iron subgroup metals with
refractory components are of great practical
interest [1,2]. Such coatings are distinguished
due to combination therein functional properties
that exceed the corresponding parameters for
alloying metals 3] The complex
implementation in thin layers of wear and
corrosion resistance, catalytic and magnetic
properties combined with high microhardness
makes such coatings universal and allows to
significantly expanding their application area [4].

The functional properties of the coatings are
structurally dependent so both their composition
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coatings Fe-Co-Mo atomic  force

microscopy.

using

EXPERIMENT

The Fe-Co-Mo coatings were formed on a
steel substrate of 08KP from electrolytic bath of
composition, g/drn3 : Na;CgHs0,%x2H,0 — 95-100;
Fez(SO4)3X9H20 — 30—45, Na,MoO,x2H,0 —
15-25; CoSO4x7H,0 — 30-45; Na,SO, — 15-45;
H;BO; — 6 [10]. Electrolysis was performed by
unipolar pulse current with an amplitude of
3-4 A/dm’® in the working range of the pulse ¢
1107210 s and pause duration ¢, 1-10°-5-107s.
The ratio of the cathode to the anode area was
1:5, volume current density was kept at the
level 2 A/dm’. Pretreatment of samples surface
included mechanical polishing, degreasing,
chemical etching in a mixture of the 50 % nitric
and 50 % sulfuric acids, thorough washing with
distilled water and drying.

The chemical composition of the coatings
was determined by X-ray fluorescence method
using a portable spectrometer “SPRUT” with a
relative standard deviation of 10°-1072 The
error at determining the content of the
components is = 1 wt. %. To verify the results,
the energy-dispersive X-ray spectroscopy was
performed using an electron probe micro
analyzer Oxford INCA Energy 350 integrated
into the SEM system.

The surface morphology of Fe-Co-Mo thin
films was studied an atomic force microscopy
AFM using a NT-206 microscope. The tapping
mode was conducted to measure samples surface
morphologies. Scanning was performed by using
the contact probe CSC-37 with a cantilever
lateral resolution of 3 nm [11]. The scan area
sizes were fixed at 39.9x399um and
10.0 x 10.0 pm and the height of the surface
relief was recorded at the resolution of 256 x 256
pixels. For each sample, a variety of scans were
obtained at random locations on the surface of
Fe-Co-Mo thin films. In order to analysis the
AFM images, all image data were converted into
Surface Explorer software. Including the root
mean square (Ry), mean particle height and its
distribution, surface skewness and particle
diameter were obtained.

Magnetic properties of the coating of
thickness 8 um obtained on copper M1 substrate
were determined by a vibrating sample
magnetometer with fields up to 20 kOe at room
temperature. Accuracy of measurement of the
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magnetic characteristics is =2 %. The coercive
force and the saturation magnetization were
determined based on the analysis of hysteresis
loops obtained in parallel and perpendicular to
the direction of magnetic field lines.

RESULTS AND DISCUSSION

Coatings Fe-Co-Mo with an iron content of
47 at.%, cobalt28at.% and molybdenum
25 at.% (in terms of metal) were obtained by
pulse electrolysis mode from citrate electrolyte
with the ratio of alloying metals salts
concentration  c(Fe’"):c(Co™):c(MoO,>) =
2.5:3:1. An uneven distribution of components in
the coating is indicated by EDS data analysis

(Fig. 1).
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Fig. 1. EDS spectrum of the Fe-Co-Mo coating.

Scan area SEM 100x100 pm

The substrate of steel 08KP is characterized
by evenly surface (Fig.2a) with values of
roughness R, =0.15 and R, = 0.23. The surface
of Fe-Co-Mo coatings (scanning area
39.9%39.9 um) is more developed and globular
comparing with the substrate as it follows from
AFM 2D-maps analysis (Fig. 2 b, ¢). Moreover
one can observe the parts of different
morphology — site A and site B — at the surface
of Fe-Co-Mo coating (Fig. 2 b).

The torsion of measuring console in one scan
area substantially changes the skin friction at
above mentioned parts indicating that the surface
of the material is non-homogeneous [12, 13]. In
this regard, the more detail study of the
morphology of parts A and B is of great interest
and importance.

The part A is characterized by a globular
structure with an average size of conglomerates
0.2-0.5 um and singly located cone-shaped hills
with a base diameter of ~ 3 um and a height of
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2.5 um (Fig. 3). As appears from 2D- and 3D- cone-shaped hills are consisted of the smaller
maps topography of the surface (Fig. 3 a, b), the spheroids.

39.9um x 39.9um x 2.5um [256 x 256] 38.8um x 39.8um x 2.5um [256 x 256]
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Fig. 2. 2D-topography (a) map of the surface for steel substrate of 08KP; 2D-topography (b) and 2D-torsion (c)
maps of the surface for Fe-Co-Mo coating deposited in pulse mode. Scan area AFM 39.9%39.9 um

1000w ¢ 1100w 2 5um [236 x 256]

£

2k

=

]

[=

]

=)

=]

[=%

2

w

2

&

3 st |
0 1 2 3 4 5 6 7

Length, pm
a b

Fig. 3. 3D- and 2D maps of the surface (a) and cross section profile between markers 1 and 2 (b) for part A of Fe-
Co-Mo coating deposited in pulse mode. Scan area AFM 10.0x10.0 pm
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The study of histogram of distribution the
inclination angle to the surface normal indicates
a predominance of spheroids (Fig. 4 a). It was
found earlier [14] that globular structure of the
surface is caused by the refractory metals
presence in the alloy. Such composition and
character of the surface are favorable for
increasing microhardness, corrosion resistance,
and catalytic activity of the material.

Site B is characterized by more developed
surface compared with a site A. The hexagonal
crystal lattice of cobalt with sufficiently sharp
hills alternating by valleys is visualized at the
2D- and 3D- maps of the coatings surface
(Fig. 5 a). The profile of cross section between
markers 1 and 2 indicates that the crystalline
sizes are in the range of 0.2—1.75 um, wherein
the surface of larger crystalline size of
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0.5-1.75 pm is formed with a smaller grain size
of 0.1-0.2 um as one can see from Fig. 5 b for
fields “k”, “m”, “n”. Histogram of distribution of
the inclination angle to the surface normal in this
part demonstrates the uniform distribution of the
sharp hills of different height (Fig. 4 b). Macro-
pores (site C on Fig.5a) are visualized on
photomicrographs of the coating surface in the
zone adjacent to the site B.

The parameter R, for part A and part B was
defined as 0.35 and 0.30 respectively, reflecting
the greater roughness of the part A caused by
availability of the high hills. However values R,
for parts of different morphology have no
significant effect on the average roughness of the
coatings R, = 0.25. Accordingly to the R, and R,
the Fe-Co-Mo coating has a roughness class
surface of 8-9.

=]
)
=

d

= LE

=
o
o rd

0,4

]
"~
=

Tilt distributio

1] 15 a0 45 ] 5 a0
Tilt angles, =
b

Fig. 4. Histogram of the angles to the surface normal distribution for the respective topography part A (a), part B (b)
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Fig. 5. 3D- and 2D maps of the surface («) and cross section profile between markers 1 and 2 (b) for part B of Fe-
Co-Mo coating deposited in pulse mode. Scan area AFM 10.0x10.0 pum

ISSN 2079-1704. CPTS 2017.V.8.N 1



AFM surface analysis of Fe-Co-Mo electrolytic coatings

Fig. 6. Hysteresis loop for Fe-Co-Mo coating of
composition, at.% : Fe — 47, Co — 28, Mo —
25. Substrate — copper M1

The observed both surface and volume
heterogeneity of the coating causes their
anisotropy which influences on magnetic
properties. The study of the magnetic behavior of
synthesized ternary electrolytic alloys confirmed
the assumptions made. As one can see from
Fig. 6, the shape of hysteresis loop in the
saturation interval is smoothed that indicates the
presence of parts with an amorphous structure in
the coating. Concurrently, we observe the
saturation of magnetization as well as
demagnetization which is stepwise (Fig. 6) that

confirms the presence of two magnetic phases in
the coating. It was found the coercive force for
synthesized coating of 7-10 Oe, so the material
can be attributed to the soft magnetic.

CONCLUSION

Coatings Fe-Co-Mo with an iron content of
47 at.%, cobalt28 at.% and molybdenum
25 at.% obtained by pulse electrolysis mode with
an amplitude of 3—4 A/dm’ are characterized by
developed surface containing sites with globular
structure and hexagonal crystal lattice of cobalt.
Synthesized Fe-Co-Mo coatings with average
roughness of 0.25 can be attributed to 8-9-th
roughness class. The observed anisotropy of the
coating caused by both surface and bulk
heterogeneity is a prerequisite for the formation
of magnetic properties. The coercive force of 7—
10 Oe confirms the soft magnetic properties of
materials which in combination with high
microhardness open prospects for usage of
Fe-Co-Mo systems in the production of magnetic
head elements for recording and reproducing
information.

Anauti3 noBepxHi enektpoairnynux Fe-Co-Mo nokpurris
METOA0M aTOMHO-CHJIOBOI MiKPOCKOMIi

L.IO. €pmonenko, M.B. Beab, M.JI. Caxnenko, C.1. 3100anoBa, O.M. Tuuuna

Hayionanvnuti mexuiunui ynisepcumem “Xapxigcoxuii noaimexuiunuti incmumym”
syn. Kupnuuosa, 2, Xapxis, 61002, Yxpaina, ntu_hpil 6@ukr.net

Yuinonapnum imnyavchum enexmponizom ompumani Fe-Co-Mo noxpumms 3 emicmom 3aniza
47 am. %, xobanemy 28 am. % i moniooeny 25 am. %. Memooom ACM Oocriosiceni mopgonozis i
monoepagis nosepxui. Ha nogepxui noxpummsi 6useieHo OLISAHKY 3 2100VAAPHOI0 CIMPYKMYPOIO | OKPeMOo
PO3MAULOBAHUMU KOHYCOROOIOHUMU Sucmynamu 3 posmipom 3epen 0.2—0.5 um. Kpim moeo, 6 meocax
O0HIEi 0Onacmi CKAHYBaHHs 6UAAGIeHI OLIAHKU 3 OLIbU PO3BUHEHOI) HNOBEPXHEID, MONocpadis sKux
i0enmuyHa Kpucmaniyniii cmpykmypi Kobanvmy, 3 posmipom kpucmanimie 6 medcax 0.5—1.75 um.
Busnaueno napamempu R, i R, ons obnacmeii 3 piznoto mMopgonozi€ro ma 0oCniodxHcy8ano20 noKpumms 6
yinomy. bynu eueueni maenmimmui enacmusocmi Fe-Co-Mo noxpumms. Koepyumuena cuna cxnadae
7—10 E, wo doszsonse gionecmu ompumani nokpumms Fe-Co-Mo 0o maenimom’ axux mamepiaiis.

Knrouosi cnoea: ACM, imnynbchutli enekmponis, MAa2HIMHI 61acmueocmi, Mopghonocis, mepHaphi

cnaasu, monozpagisi
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AHaJIN3 MOBEPXHOCTH JIeKTpoauTH4eckux Fe-Co-Mo noxkpeITuii
METOI0M ATOMHO-CHJIOBOH MUKPOCKOIINH

N.10. Epmogenko, M.B. Beab, H.[l. Caxnenko, C.U. 3106anoBa, O.H. Tuuuna

Hayuonanvueiii mexnuueckuii ynusepcumem ‘‘Xapvro6ckuti nojumexnuyeckui uncmumym’”’
ya. Kupnuuesa, 2, Xapvros, 61002, Ykpauna, ntu_hpil 6@ukr.net

Yuunonaprvim umnynscuvim anexkmponuszom nonyuenvt Fe-Co-Mo noxpvimus ¢ codepoicanuem dicenesa
47 am. %, xobamema 28 am. % u monuboena 25 am. %. Memooom ACM u3zyuenvr mopgonozus u
monoepagpus nosepxnocmu. Ha nosepxnocmu nokpvimusi obHapydcena obracmv ¢ 2n06YIAPHOU
CMpPYKmMypotl. U OMOEIbHO PACHIONCEHHVIMU KOHYCOOOPASHBIMU  GbICIIYNAMU C  PA3MEPOM  3epen
0.2-0.5 um. Kpome moeo, 6 npedenax 00HOU 0bracmu CKAHUPOBAHUS OOHAPYICEHbl YuacmKu ¢ boaee
Pazeumoi HOGEPXHOCMbIO, MONOZPAPUL KOMOPHIX UOCHIMUYHA KPUCIMATIUYECKOU CIMpYyKmype Kobanbma,
¢ pazmepom kpucmaniumos 6 npeoenax 0.5—1.75 um. Onpedenenvl napamempul R, u R, ona obnacmeil c
paznuyHol Mopgonoazuetl u ucciedyemozo NoKpvimus 6 yeiom. bvinu uzyuenvl macnumuvie ceoticmed
Fe-Co-Mo noxpuimus. Kospyumuenas cuna cocmasuna 7—10 3, umo no3gonsem omuecmu HOAy4YeHHble
nokpvimus Fe-Co-Mo k macnumomsiekum mamepuanam.

Knioueevie cnoea: ACM, umnynvcHulii 51eKMponu3, MAcHUMHblE C8OUCMEd, Mopgoao2us,
MepHapHble CIAGbL, MOno2papus
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