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Structural investigations of electrodeposited binary and ternary iron-based
alloys containing chromium and nickel are accomplished by the methods of
scanning electron microscopy and X-ray diffractometry. Joint effect of the
alloying elements on the surface morphology and preferred crystal orienta-
tions in Fe—Cr—Ni alloys’ coatings electrodeposited from sulphate electrolyte
on steel substrate is shown and explained. The surface morphology of the in-
vestigated Fe—Cr—Ni alloys with b.c.c. crystal structure is represented solely
by spherulites and is accompanied by prevalence of <111> crystal orientation
in contrast to electrodeposited iron where regular fine crystal structure is
characterized by preferred <211> crystal orientation.

MeTomamMu pacTpoBOi eJIEKTPOHHOI MiKPOCKOIiI Ta peHTIeHiBCbKOI Au(dpparTo-
MeTpii BUKOHAHO CTPYKTYPHI ZOCIIiIKeHHSA eJIEKTPOOCaLKeHNX ITOABIHUX Ta
OOTPiHMX CTOIIIB Ha OCHOBI 3aJriza, Mo MicTaTh XpoMm i Hikesab. ITokazano Ta
MOSICHEHO CYMiCHUH BILJIUB JIET'YBAJIbHUX €JIEMEHTiB Ha MOPQOJIOTii0 TOBEePXHi
Ta mepeBaKHi opieHTaIlil KpHUCcTadiB Yy HOKPUTTAX Ha ocHOBI cTomiB Fe—Cr—Ni,
€JIEKTPOOCAIKEeHUX i3 CyJb(paTHOTO eJIeKTPOJITy Ha cTajeBe IIiJJI0MKKA.
Mopdosoria nmoBepxHi gocaimkenux cromiB Fe—Cr—Ni 3 OIIK-cTpyKTypoio
IIpeJCTaBJIeHa BUKJIOUHO cdeposiTamMu, W0 CYHIPOBOIKYETHCS IIEPEeBaKaH-
HaMm <111>-opieHTarii KpucrajaiB, Ha BIAMiHY BiJ eJIeKTpoOCaAKeHOoro 3aJisa,
B AKOMY 3BMYaiiHa APiOHOKpHCTATIUHA CTPYKTYypa XapaKTePU3YEThCA Iepe-
BarkHOI0 <211>-opieHTalliero KpucTaIiB.

MeTomaMu pacTPOBOM 3JI€KTPOHHON MUKPOCKOIINY 1 PEHTTeHOBCKOM qudpaK-
TOMETPHUM BBIIOJHEHBI CTPYKTYPHBIE HCCJIENOBAHUA SJICKTPOOCAIKIEHHBIX
IBOMHBIX M TPOMHLIX CILIABOB HA OCHOBE JKeJjie3a, COAEePIKAIllX XPOM UM HU-
Kesab. ITokasaHo 1 00'BSICHEHO COBMECTHOE BJIUSHUE JETUPYIONIUX DJI€MEHTOB
Ha MOP(OJIOTHUIO IMOBEPXHOCTH M IPEMMYIIeCTBEHHbIe OPUEHTAINN KPUCTAJ-
JIOB B TMOKPBITHMAX Ha ocHOBe ciIaBoB Fe—Cr—Ni, sJeKTpoocaKIEHHBIX U3
cyab(}aTHOTrO 9JIeKTPOJUTA Ha CTAIbHYIO TOIJI0KKY. Mopdosorusa moBepxHo-
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ctu ucciaegoBaHHBIX ciiaBoB Fe—Cr—Ni ¢ OIlK-cTpyKTypoii mpeacrasiieHa
UCKJIOUUTENHLHO chepoIuTaMu, UTO COIPOBOKAaeTcA mpeobaaganuem <111>-
OPMEHTAIlUY KPHUCTAJLIOB, B OTJIMYKE OT 9JIEKTPOOCANKAEHHOI0 KeJje3a, B KO-
TOPOM OOBIUHAA MEJTKOKPUCTAJLINYECKas CTPYKTypa XapaKTepuayeTcs IIpe-
uMyIecTBeHHON <211>-opueHTariueil KpruCTaJLIOB.

Key words: surface morphology, preferred orientations, Fe—Cr—Ni coatings,
electrodeposited alloys, electrodeposited iron.
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1.INTRODUCTION

Electrodeposited iron coatings are used in the industry for restoration
of dimensions and simultaneous surface hardening of the machine
parts working in wear conditions [1-3].

Enhancement of the properties such as hardness and wear resistance
of electrodeposited iron can be achieved by its alloying with other met-
als causing changes in structure formation of the deposits[1, 4, 5].

Previously it was shown that introduction of ions of chromium [5—7]
and nickel [4, 5, 8, 9] into the iron-plating electrolyte results in certain
changes in surface morphology, phase composition, microstructure,
and preferred crystal orientations in the produced coatings. Joint ef-
fect of nickel and chromium on structure formation of electrodeposit-
ed iron was also investigated [10—-16]. The analysis of literature
sources shows that the majority of research works of the electrodepos-
ited iron-based alloys are directed mainly to electrochemical issues of
their deposition, but their structure and phase composition usually got
less attention. However, a few works discussing certain structural as-
pects of the ternary Fe—Cr—Ni alloys mainly deal with the coatings
produced from chloride electrolytes [12—-15].

Therefore, uncovering of joint influence of chromium and nickel on
the processes of structure formation of electrodeposited iron-based
coatings produced from sulphate electrolytes requires additional re-
search.

It should be also noted that one of the possible reserves for enhance-
ment of the complex of properties of iron coatings is the formation of
certain preferred crystal orientations in their structure.

Preferred orientations in electrodeposited iron produced from both
sulphate [17, 18] and chloride electrolytes [19] are thoroughly investi-
gated. Quite wide experimental data is also available for Fe—Cr [6, 7]
and Fe—Ni [8, 9] alloys. Nevertheless, preferred orientations in elec-
trodeposited ternary Fe—Cr—Ni alloys remain less investigated. Previ-
ously, it was repeatedly shown that even low concentrations of addi-
tional metal ions in the electrolyte can cause drastic changes of crystal
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orientations in electrodeposited metallic materials, (see, e.g., works
[20, 21]). Therefore, the investigations of joint influence of nickel and
chromium on preferred orientations in iron-based coatings seem to be
of sufficient scientific interest.

It should be mentioned that structure and phase composition of elec-
trodeposited metal coatings may differ from the equilibrium ones and
essentially depend on the process parameters (current density and
temperature) as well as on the electrolyte composition. Besides, the
concentration ratios of the deposited metals in the electrolyte and in
the coatings are different due to distinct deposition rates of the met-
als. So, the theoretical prediction of structure and properties of elec-
trodeposited coatings remains difficult and thorough experimental
investigations are still required in this field.

Therefore, the aim of this work is the determination of features of
structure formation of electrodeposited iron-based coatings depending
on chromium and nickel concentrations in the sulphate electrolyte.

2. MATERIALS AND METHODS

Iron, Fe—Cr, Fe—Ni and Fe—Cr—Ni coatings of 15 um thickness are elec-
trodeposited at the current density of 10 A/dm? and the temperature of
55-57°C from sulphate iron-plating electrolytes (pH = 2—3) containing
80 g/l ions of Fe, 0—20 g/l ions of Cr, 0—20 g/l ions of Ni (with the
sources of the said metals being FeSO,- TH,0, Cr,(S0,);-6H,0, NiSO,-
-TH,,0, respectively) and Aly(SO,);-18H,0 — 100 g/1 as a buffering sub-
stance. A soluble iron anode is utilized for deposition process. Indus-
trial 0.5 mm thick low-carbon steel 08kp sheet is used as a substrate.

Surface morphology of the coatings was investigated by the method
of scanning electron microscopy (SEM) at the REM-1061 microscope.
Phase composition was determined by the method of X-ray diffracto-
metry (XRD) at the modernized diffractometer of DRON type in CuK,-
radiation. The investigated coatings were not separated from the steel
substrate due to their sufficient thickness. Preferred crystal orienta-
tions were estimated by the ratio of intensities of diffraction maxima
on X-ray diffraction patterns.

3. RESULTS AND DISCUSSION

Phase composition of the investigated alloys coatings is presented sole-
ly by iron-based solid solutions with b.c.c. crystal structure. No inter-
metallic compounds were found by X-ray phase analysis of the coatings
(see Fig. 1).

The contents of chromium and nickel in the Fe—Cr and Fe—Ni coat-
ings indicate that at their low concentration in the electrolyte (10 g/1)
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the deposition rate of chromium during co-deposition with iron is
much higher than the one of nickel. The deposition rates become al-
most equal at 20 g/1 concentration. However, joint co-deposition of
two alloying elements with iron results in prevalence of nickel over
chromium in the coatings produced from the electrolytes with equal
concentrations of chromium and nickel ions (see Table 1).

The X-ray diffraction results also show that alloying elements cause
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Fig. 1. X-ray diffraction patterns of electrodeposited iron-based coatings fab-
ricated at various Cr and Ni concentrations (g/1) in the sulphate electrolyte.
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TABLE 1. Cr and Ni concentrations in the iron-based coatings depending on
their concentrations in the sulphate electrolyte.

Ni concentration in Cr concentration in the electrolyte, g/1

the electrolyte, g/1 0 10 20
0 — 1.15% Cr 1.33% Cr
10 0.42% Ni 0.48% Cr+0.64% Ni 1.18% Cr+0.53% Ni
20 1.27% Ni 0.86% Cr+1.34% Ni 1.27% Cr+1.74% Ni

certain changes in crystal orientations in the coatings, which can be
estimated by relative intensities of the diffraction maxima (see Fig. 1).
Thus, while iron coatings without alloying possess strong <211> crys-
tal orientation, introduction of nickel into the electrolyte results in
drastic growth of <111> orientation. Introduction of chromium into
the electrolyte seems to have no significant influence on preferred ori-
entations in the coatings. Somewhat decrease of overall diffraction-
pattern intensity of Fe—Cr alloys relative to the one of the electrode-
posited iron may be caused by presence of chromium atoms in the al-
loys. In addition, some increase of the intensity of (110) diffraction
maximum in the Fe—Cr alloy produced at 10 g/1 chromium concentra-
tion should be noted but the integral intensity of the maximum is too
low to indicate the presence of the corresponding crystal orientation.

Further calculation of the integral intensities of the found diffrac-
tion maxima and their comparison with the ones of the reference dif-
fraction pattern of pure iron indicate that <111> crystal orientation
dominates over <211> in the both investigated Fe—Ni and Fe—Cr—Ni
alloys. The quantitative change in the found preferred orientations of
crystals can be estimated by the ratio of the respective pole densities
calculated from the obtained X-ray diffraction patterns (see Table 2).
Thus, the presence of nickel in the electrolyte and in the coatings
should be considered as the cause of change of the preferred crystal
orientation in the coatings from typical for electrodeposited iron
<211> to the found <111>.

TABLE 2. Ratio of pole densities P,,,/P,;; in the iron-based coatings depend-
ing on chromium and nickel concentrations in the sulphate electrolyte.

Ni concentration in Cr concentration in the electrolyte, g/1

the electrolyte, g/1 0 ‘ 10 | 20
0 1.79 1.77 1.28
10 5.45 5.45 3.46

20 8.57 5.08 5.38
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The alloying elements also cause decent changes in surface morphol-
ogy influencing crystal shape and size as well as surface relief of the
investigated electrodeposited coatings (see Fig. 2).

Thus, without alloying, surface structure of the iron coatings is
mainly represented by fine crystals sized less than 1 um and by a few
more coarse crystals. However, introduction of nickel into the electro-
lyte changes the structure type of the coatings initiating the formation
of spherulites, i.e., crystal aggregates of radial-beam configuration
consisting of the core and the peripheral part [22, 23]. Such type of
structure of electrodeposited coatings is classified as quasi-crystal
[24].

The formation of spherulites as one of the possible forms of growth
of electrodeposits [23] is usually explained by the increase of local cur-
rent density in the crystallization centres at the initial stage of elec-
trodeposition (which causes nucleation rate of spherulites to exceed
their growth rate and results in appearance of spherulite cores consist-
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Fig. 2. Surface morphology of electrodeposited iron-based coatings depending
on Cr and Ni concentrations (g/1) in the sulphate electrolyte.
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ing of fine randomly oriented crystals) and its subsequent decrease
during further growth of cores with the formation of radial-beam pe-
riphery of the aggregates [22].

In contrast to nickel, introduction of chromium into the electrolyte
does not lead to fundamental changes of structure type of the coatings
and is accompanied by the formation of more uniform structure with
regard to the crystal size (see Fig. 2). Crystal cut becomes more distinct
in this case.

The surface structure of the investigated ternary Fe—Cr—Ni alloys is
also represented by spherulites. However, at the presence of chromi-
um, the spherulite structure of the alloys caused by the presence of
nickel undergoes some minor changes. Spherulites become more dis-
tinct, their peripheral part is less developed, and the surface is less
smooth. These features indicate that, at the presence of chromium, the
growth of spherulites and their intergrowth are hindered.

Therefore, the discovered apparent interdependence between the
appearance of <111> crystal orientation and the formation of spheru-
lites in the nickel-containing alloys—both Fe—Ni and Fe—-Cr—Ni—
should be considered as the main result of the performed combined
XRD and SEM investigations of the iron-based coatings.

4. CONCLUSIONS

The combined SEM and XRD structural investigations of electrodepos-
ited Fe—Cr—Ni alloys produced from sulphate electrolytes show signif-
icant changes in surface morphology and crystal orientations of the
coatings in comparison with electrodeposited iron without alloying.
The surface morphology of the investigated Fe—Cr—Ni alloys with
b.c.c. crystal structure is represented solely by spherulites that is ac-
companied by prevalence of <111> crystal orientation in contrast to
electrodeposited iron without alloying where regular fine crystal
structure is characterized by preferred <211> crystal orientation.
Further investigations could be directed to the investigations of the
mechanical properties of electrodeposited iron-based coatings contain-
ing chromium and nickel with regard to the found structural features.
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