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The nanosized powders formed on the steel surfantaating with zinc and nickel
inorganic water salt solutions under the rotatioorosion dispergation (RCD)
conditions have been studied using an X-ray difibac method, thermal analytical
measurements (TG / DTG, DTA) and scanning electioroscopy. It was shown that the
formation of a single mineral phase of a non-stimintetric spinel ferrite when zinc and
nickel nitrate solutions were used as the disparsieedium, but in the presence of
chloride-containing salts three mineral phasesr{spferrite, lepidocrocite, and goethite)
were determined in the phase composition of thiasaipowders. When sulfate solutions
were chosen as the dispersion medium the mixedoxyslrifate layered double
hydroxides (LDHs) simultaneously appeared amongrotomponents of the powders.
Due to exchange of cations Fe(ll) and other 3d-teeb@tween the disperse phase and
dispersion medium the mixed LDH structures achiestaklility against further oxidation
and phase transformation. Hence, the presence xddriDHs in the phase composition
of the powders significantly complicates the obitajnof monomineral phases of spinel
ferrites or iron oxides when the RCD method is il

Key words: the rotation-corrosion dispergation method, noaistiometric Zn- and Ni-
containing spinel ferrites, mixed layered doubldraxides (LDHs), nanopowders.

Introduction

Nowadays the interest in the obtaining of variousctional materials is
closely connected with the creation of new and owpment of the existent
methods of nanosynthesis. Nanosized iron-bearintcles characterized by
ferrimagnetic and superparamagnetic propertiesvately used as a precursor
material for technical and biomedical aims [1, Rpr instance, polymorphic
iron oxides and spinel ferrites as well as metdhim nanoparticles may be
related to the most typical structures belonginguoh kind of materials. Due to
the small particle size the physical-chemical aokb-chemical properties of
nanodisperse oxides and ferrites, such as mechamiestrical, magnetic,
thermal, optical, and chemical, differ from theimenoscopic analogues [3].
Additional features of iron oxide particles are edtgtined by the synthesis
method [4] and the presence of doped elementsciedlgemetals, in their
structure [5].

Recently we have proposed a new method for theinibtaof nanosized
iron oxyhydroxides, iron oxides, ddnetal spinel ferrites and core&shell
composites consisting of a ferrimagnetic core aretipus metal shell. The
method was called the rotation-corrosion dispeoga(RCD) [6]. It is carried
out on the iron or steel electrode surfaces cantowith water salt solutions
under galvanostatic conditions in the opersgstems. The application of the
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RCD-method permits to obtain various polymorphionioxygen powders
which phase composition and physical-chemical pt@semay be particularly
regulated by the chemical composition of the watdutions contacting with
the electrode surface [7, 8].

The purpose of our work is to study the phase caitipa, thermal behavior
and morphology of the nanopowders formed on thel starface contacting
with nickel- and zink-bearing water chloride, nitlaand sulfate salt solutions
in the open-air systems under the rotation corrodiepergation conditions.

Objects and method of the research

The formation of the nanosized iron-oxygen-contagrnpowders on carbon
steel surface via the rotation-corrosion dispeogatoute was provided by using
a rotating disk electrode that periodically congalctvith -metal water salt
solutions and the air [6]. The disk electrode walenof finished steel (St3),
which composition had, ¢ — 0,14—0,22; Si — 0,05—0,15; Mn — 0,4—
0,65; Cr — 0,3; Ni — 0,3; P — 0,04; S — 0,05; N -0D. The steel surface
was exposed to mechanical treatment and furtheraéioh using concentrated
sulfuric acid. The activated disk electrode wasesatedly rinsed in distilled
water and onwards it was placed into the celldildith the 3-metal water salt
solution. We chose the following inorganic saltusimns: zinc and nickel
chlorides, nitrates and sulfates as the dispensiedium. The concentration of
the metal cations in water solutions got 100 mg/dnd pH value was set 6,5.
The formation of disperse nanostructures on thel steface lasted 24 h at the
temperatures 20 and 50 °C. The temperature conditieere set using TS-1
/80-SPU thermostat. Afterwards the disk electrodas wdried in the air
atmosphere and the surface nanostructures wersexkpo a complex physical-
chemical investigation including an X-ray difframi (XRD) method, thermal
analytical measurements (TG / DTG, DTA) and scammlectron microscopy
(SEM). The phase composition of the surface nandeosy their thermal
behavior, as well as morphology and the primantiglarsize of the powder
components were studied in our investigation.

The phase composition of the nanopowders was coedlusing computer-
aided X-ray diffractometer (DRON — UM1) equippediwiwo Soller’s slits and
filtered radiation of cobalt anode Bg The rate of recording was set 1 °C/min,
and the interfacial Woolf-Bragg's angle made up &D-degrees. The coherent
scattering region (CSR) characterizing the sizethaf primary particles or
crystallites was calculated according to the stesh@&bye-Scherrer’s formula.

A simultaneous study of thermogravimetric and défdial thermal
properties (TG-DTA) of the powders was performethia static air atmosphere
by derivatigraph Q-1500D (Hungary). The record w@ade using computer
data registration. The parameters of the pattecording were the following:
the samples of 150 mg were heated at the rat€/irf from 20 to 1000C; the
sensitivity was 20 mg; TG — 500, DTG — 500, and DFA250. The samples
were placed into a corundum crucible and coveredusrtz beaker to create
the equal temperature field.

A scanning electron microscopy (SEM) using JOEL&7dicroscope
equipped with an energy-dispersive and cathoderdestience attachment to
obtain EDS-spectra was chosen as the main visuttlothef the research. The
mass ratio of iron to the second-®etal (nickel or zinc) in the samples was
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determined using an X-ray fluorescence spectros@QdRFS) carried out in the
automatic spectrometer "ElvaX" equipped with anfitan anode.

Results and discussion

The X-ray diffraction data of the nickel- and ziingn-oxygen-containing
powders formed on the steel surface within 2 the temperatures 20 and
50 °C are present in fig. 1 and 2, respectivel\soAWwhen the nickel chloride
and nickel nitrate solutions were contacting withiveated surface of the steel
electrode af = 20 °C the obtained powders included three imygen mineral
phases such as spinel ferrite and polymorphic deoxyhydroxides —
lepidocrocitey-FeOOH and goethitea-FeOOH (fig. 1,a—d). But spinel ferrite
phase got the predominant importance when the tertyse was enhanced up
to 50 °C, and under the following conditions boghric oxyhydroxides were
present in the patterns only as the admixtureghdit the temperature of the
phase formation process strongly influencedot only the phase
composition of the surface powders but thepstallinity degree. Whereas
the powders, especially obtained in Nig@hd Ni(NQ), systems, at = 20 °C
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Fig. 1. XRD-patterns of the powders formed on tieelssurface contacting with the
following water salt solutionsa — NiCl,, T = 20 °C;b — NiCl,, T =50 °C;c —
Ni(NOg),, T =20 °C;d — Ni(NOg3),, T = 50 °C;e — NiSQ,, T = 20 °C;f — NiSQ,,
T = 50 °C, where cNi = 100 mg/dm, and pH = 6,5. Numbers correspond to the
mineral phases: 1 — lepidocrocite; 2 — spinel ferrB — goethite; 4 — Ni(ll)—
Fe(ll)—SO,“—LDH.
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may be characterized as weak crystalline structiihesspinel ferrite particles
formed in the mentioned systemsTat 50 °C were well crystallized.

When nickel sulfate solution was chosen as theedisspn medium the phase
composition of the powders formed &t= 20 °C included the mixed Ni(ll)—
Fe(ll—II))—S0O,” layered double hydroxide (LDH) as a main minerahse
and relatively small amount of ferric oxihydroxidgsy. 1, €). But when theT
of the process was increased to 50 °C the mixeid)NiEe(ll-11)—S0O,* LDH
as well as spinel ferrite were determined as twimrphases in the powders, but
goethite and lepidocrocite played the role of mawhexdmixtures (fig. 1f).
According to the lattice parameters the mixed LDldrresponds to
hydrohonessite-like Green Rust Il (hydroxysulfat@FPDS file No 41-0014),
that keeps stability against further oxidation ghése transformation within a
relatively long term at sufficiently high temperegs.

The analysis of the XRD data obtained for the zZiaotaining systems
showed the differences in the comparison with ibkehcontaining systems. So,
spinel ferrite and lepidocrocite are present ingatterns of the powders formed
atT =20 and 50 °C in the zinc chloride systemig. &, a, b). In addition, the
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Fig. 2. XRD-patterns of the powders formed on tieelssurface contacting with the
following water salt solutionsa — ZnCl, T =20 °C, 1 h in watel) — ZnCl,, T =
=20 °C, 3 hinwaterc — ZnSQ, T =20 °C;d — ZnSQ, T = 50 °C;e —
Zn(NOs),, T = 20 °C;f — Zn(NOs),, T = 50 °C, where c¢Z = 100 mg/dm, and
pH = 6,5. Numbers correspond to the mineral phakes: Zn(Il)—Fe(Ill)—CIr—
LDH; 2 — lepidocrocite; 3— spinel ferrite; 4— goethite; 5— Zn(Il)—Fe(ll))—
SO —LDH.
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weak reflexes of mixed zZn(ll)—Fe(ll—IIl) LDH relatieto hydrotalcite-like
Green Rust | (hydroxycarbonate or hydroxychlorid®}PDS file No 40-0127)
are seen in the first case, and weak goethite pagsar in the pattern in the
second case. All mineral components of the powdessweakly crystallized.
When the steel surface was contacting with zin¢asulsolutions the mixed
Zn(I)—Fe(Il—II)—S0O,* LDH and lepidocrocite were formed &it= 20 °C
(fig. 2, c), whereas spinel ferrite together with ferric ggdhoxides were formed
at T = 50 °C (fig. 2,d). The powders obtained at both temperatures are
characterized as weak crystallized structuresvwB#n the zinc nitrate solutions
were contacting with steel surface the phase coitipo®f the powders did not
depend on temperature: in both cases the main atirqdrase was well
crystallized spinel ferrite. Also, to the first apgimation the usage of the metal
(1) nitrate salts permit to obtain homogenous muomeral powders on the steel
surface applying the rotation-corrosion dispergatigethod.

The crystal lattice parameters and the primaryigarsize (CSR) of the
powder compounds are present in table 1. As itlearly seen, the CSR of
lepidocrocite varies from ~10 to ~23 nm and thellsgaparticles correspond
to chloride systems whereas the biggest partigieger to sulfate systems. The
range of the goethite particle size is narrow imparison with the previous
case and it equals 14—23 nm. But variation of thegmetite CSR is more
significant and the smallest particles we sag@ in zinc chloride systems
(=10 nm). Generally, the average particle size afmetite formed in nickel-
containing systems is bigger than in zinc-contgjrgstems and it equals 22—
28 nm in the first case and ~15—28 nm in the secaisé.

The mass. % distribution of the metals in the pawdermed in the presence
of nickel- and zinc-containing water salt solutiaesseen in table 2. Also, the
average ratio Fe to Ni in the chloride and rétrsolutions varies from 96 : 4 to
92 : 8 mass. %, but for sulfate-bearing systenetis 2 (86) : 18 (14) mass. %.
The comparison of nickel- and zinc-containing systeshows the decrease of
iron part in the powders and mass. % ratio Fevafies from ~85 : 15 to ~70 : 30.

We have chosen four samples to study the thernteviber of the mineral
powders formed on the steel surface under the R&fditons in the presence
of nickel and zinc-containing water salt solutiomfe in-depth analysis of the
nickel-bearing systems permits to determine thieiénice of anion composition
on the phase transformation of the powder compaukidseover, due to the
presence of the mixed Me(I)—Fe(ll—I)—S©O LDH in the phase
composition of the corresponding powders we hawadyaad both NiSQand
ZnSQ, systems. According to the obtained data we cdovidhe appearance of
two endoeffects in all DTG curves. The first minimuis fixed in the
temperature range of 110—137 °C and, probablypritesponds to the loss of
the adsorbed water. The second endothermi ipethe temperature range
of 270—281 °C is related to the hydroxylation ofybydroxide lattice and
formation of the iron oxide phases (table 3). Butthb sulfate-containing
samples show an additional endothermic peak inté&meperature range of
622—822 °C. Those thermal effects are accompanyethd» mass loss of the
powders on the TG curves (28—30%) probably becaofsethe phase
transformation (dehydroxilation) of mixed LDH aratal destruction of S§J-
species. On the contrary, the mass loss dfitrete- and chloride-containing
samples amounts to only 4,5%. Two exotherraakp point to the oxidation
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Table 1.The lattice parameters and primary particle size ofthe mineral
components of the powders obtained on the steel $ace under the RCD

conditions
Salt T oc The characteristic of the mineral phases, nm
solution | y-FeOOH o-FeOOH FgO,
a=0,3875] \,_ a=0,4649] \,_ a= 08404
20 | b=12695 g: 561286 b= 009946 g: &1; V = 05935
NiCl, c=0.3022 “ | c=0,3027 ’ d=21.9
a=03875] . _ a=04668| a= 08419
50 | b=1.2630 g: (1)é1§30 b=009874 g_‘ 2'11386 V= 05967
c=02022| 47133 | c-g'3007| 94721 d=282
a=03876] . _ a=04630] . _ a=08370
20 |b=12546 g_‘ félfsz b= 09969 g_‘ &1392 V = 05864
NiSO c=03059| 47137 | c-03016| 97 1% d=248
2
a=03889] _ _ a=04623] . _ a= 08389
50 | b=12608 g_‘ 2061382 b=00868 g_‘ félgsg V = 05904
c=03022| 97200 | c-p'3001| 9718 d=263
a=03872] . _ a=04637] . _ a= 08386
20 | b=12599 g_‘ &1;77 b= 09650 ;/:20é12352 V = 05797
NI(NOY c=03029| 47143 | c=03022| 9723 d=21.9
3 a=0,8399
50 _ _ _ —  |v=05925
d=263
a= 03894 _ a= 08399
20 | b=12527 g_‘ 3'3502 —_ _ V = 05925
il c=03079| 9478 4=99
2 a=0,3876, _ 0 1c05 a=0,8395
50 | b=1,2638| \_ —_ _ V=05917
c=03067| 94713 d=10.4
a=0,3858] \,_ 0 1409 | 3= 04626 V=0,1408 | a=0,8404
20 |b=1.2692| Y2499 b=10106( d=162 |V=05936
2150, c=03062| 97247 | c=03013 d=191
a=03855] _ _ a=04636] . _ a= 08397
50 |b=12630 g_‘ géljsz b= 09950 g_‘ 2061f87 V= 05921
c=03044| 97234 | c=03007| 9720 d=274
a= 08403
20 _ _ _ — |v=05933
d=158
Zn(NGy) a=0,8398
50 _ _ _ _  |v=05923
d=282

ferrous cations in the spinel ferrite lattice arfthge transformation of ke,
doped by Ni* or Zrf* into maghemitg-Fe,0; at 200—245 °C and polymorphic
transformation of-Fe&,0; into hematiten-Fe,0; at 300—338 °C.

The SEM images of the mineral phases formed on steel surface
contacting with NiCJ, Ni(NOs),, and Zn(NQ), water solutions are present in
fig. 4. Generally, the morphology of the iron-oxygsurface structures is
similar and it does not depend on the anion comiposiof the dispersion
medium contacting with the steel surface. Wherferric oxyhydroxides are
characterized by plate-like or lamellar shapthe particles (fig. 4, e, g, h),
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T able 2 Distribution of 3-metals in the powders formed on the steel
surface contacting with nickel and zinc water solubns under the RCD

conditions
. Distribution of the metals, mass. %
Salt solution T, °C -
Fe Ni or Zn
. 20 93,9 6,1
NiCl ! d
2 50 925 75
. 20 82,0 18,0
NISO; 50 85,9 14,1
; 20 95,9 4,1
Ni(NOs), 50 92,1 7.9
20 79,4 20,6
ZnCl 50 81,3 18,7
20 69,3 30,7
ZnSQ, 50 84,1 15,9
20 79,8 20,2
Zn(NGy). 50 84.9 15.1
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Fig. 3. TG-DTA curves of the powders formed on $heel surface contacting with
water salt solutionsa — NiCl,; b — Ni(NO3),; ¢ — NiSQy; d — ZnSQ.

the spinel ferrites form spherical particles andragates (fig. 4d—q). The
relicts of the mixed Ni(ll)—Fe(ll—Ill) LDHs belongig to Green Rust |
structure are seen in fig. B, c. Their morphology can be described as chaotic
disordered plates and lamellas.

The EDS spectra of the mineral phases formed whersteel surface was
contacting with NiC] solution are summarized in table 4. Generally, the
average quantity of nickel associated with lepidoite phase is ~4,9 mass. %,
its quantity in goethite is ~0,75 mass. %, ancpine ferrite ~ 8,7 mass. %. The
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T able 3. The characteristic of thermal effectsf the powders formed on
the steel surface under the RCD conditions

Endoeffects, °C Exoeffects, °C | Total
The salt
solution | 1.0 Dehyd- | LGH FeOs - |y-FeO; » | Mass
2-ads | yoxilation | destruction| y-Fe,0, a-FeO, | loss, %
NiCl, 113 281 — 200 338 4,5
Ni(NO3), 131 274 — 208 312 4.5
NiSO, 110 270 | 622—784 238 320 28,2
ZnSQ, 137 272 | 725—822 245 299 30,2

manganese and sulfur admixtures got into ralnghases, probably, from
the material of the steel. The average conbvériie in all probes reaches
~72,78 mass. %, and content of O, respectivelyalegt?2,23 mass. %.

Also, the analysis of the experimental data pdiotthe significant effect of
anions of the water salt solutions on the phasepositions of the nanosized
powders formed on the steel surface under the R&iditons. Depending on
the geometrical shape of anions two types of Fefg(lll) layered double
hydroxides (Green Rusts) may be formed on the stegbn surfaces. Planar
and spherical anions (CICO;*) coordinate iron hydroxide layers as GR | and
three dimension anions ($Q take place in GR Il structure [9]. Such
metastable phases play the role of the precurseciep for the various
polymorphic ferric oxides and hydroxides. The prneseof 2l-metal cations in
the solutions leads to the exchange processes éretaegf1l) of solid phase and
Me®" of dispersion medium. As a result the more stahibeed Me-Fe LDHs,
inherited the Green Rust structure, appeared anwthgr surface mineral
phases. According to literature data nickel as aglzinc can incorporate into a
Green Rust lattice and form various LDH structuresresponding to the first
[10, 11] and the second [12—14] lattice’'s type o€ Rust, respectively.
Whereas Fe(ll)—Fe(lll) layered double hydroxideslemstandard conditions
do not keep stability against oxidation and soltdtes transformation into
lepidocrocite [15] or its dissolution-re-precipitat into magnetite [16], the
mixed LDH structures, due to Fe(ll) exchange, libgepossibility for oxidation
and, as a result, for phase transformation.

Hence, one of the mixed LDH applications is théiermal treatment to
obtain chemically pure mixed oxidesTat- 450—600 °C [17] or spinel ferrites
in the range fronT ~ 750 °C [18] to 1100 °C [19]. The formation ofrpunickel
spinel ferrites via calcination of tailored hyddette-like hydroxysulfate
layered double hydroxides as a single moleculacyse®r was mentioned in
[20]. In such case the precursor species was h@at@d0 °C for 2 h to obtain
the powder including two phasea:Fe,0O; and NiO, afterwards the oxide
mixture was sintered at 1100 °C for 10 h and tHewlg cooled to the room
temperature. This kind of the procedure is seresitivmetal molar ratios and it
needs to keep certain stoichiometry. But when tioéanratio of M&/Fe*" is
broken the non-stoichiometric iron oxides or mageetioped by 8-metal
cations are formed in the system [21].

The comparison of the powders formed via rotatiorrasion dispergation
route on the steel surface contacting with zinc@okel inorganic salt solution
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JSM-6700F 8 15.0kV  X10,000 1um WD 82mm JSM-6700F SF1 150KV X50,000 100nm WD 82mm

JSM-6700F S 150kV X50,000 100nm WD 82mm JSM-6700F S . 0 100nm WD 82mm

JSM-6700F 15.0kV  X12,000 1um WD 8.4mm JSM-6700F SEI 150KV X30,000 100nm WD 8.4mm

JSM-6700F 150kV  X30,000 100nm WD 8.4mm JSM-6700F KV X30,000 100nm WD 8.4mm

g

Fig. 4. SEM-images of the surface structures formedhe steel surface under the
rotation-corrosion dispergation conditions in firesence of water salt solutions:
a — the general view of the surface structures (Njd—c — mixed Ni(ll)—
Fe(ll—Ill) LDH; d — spinel ferrite (NiFg1.)F&04 (NICl,); e — the general view
of the surface structures (Ni(N)9); f — spinel ferrite (NiFg14)F&04 (Ni(NOs),);

g, h— lepidocrocite plates and spherical spinel ferparticles (Zn(Ng),).
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Table 4. The chemical composition of the minal phases formed on the
steel surface contacting with nickel chloride solubn

Mineral | Number of | The quantitative analysis of chemical elements,snfs
phase |  probe 0 Fe Ni Mn S
1 22,23 71,65 4,32 1,80 —
Lepido- 2 22,23 69,86 4,88 3,03 —
crocite 3 22,23 70,72 5,26 1,80 —
4 22,95 67,83 6,46 1,98 0,79
5 22,24 71,83 3,52 2,41 —
1 22,27 77,73 — — —
2 22,26 76,70 1,04 — —
Goethite 3 22,25 75,90 1,85 — —
4 22,26 76,90 0,84 — —
5 22,27 77,70 0,03 — —
1 22,14 66,14 11,57 0,14 —
fSF’".‘e' 2 2221 | 70,45 5,82 1,51 —
errite

with the products of the thermal transformation nofked LDH precursors
formed via co-precipitation of respective saltsvsb@ few differences. Namely
the appearance of the spinel ferrites as a sinigéesgo on the steel surface is
fixed in the systems where the mixed LDH structuaes not formed, for
example Ni(NQ); (fig. 1, d) or Zn(NGy), (fig. 2, e, f). But when the relatively
stable phase of mixed hydroxysulfate LDHs is forntteel spinel ferrite is not
obtained atT = 20 °C (fig. 1,e, 2, ¢) or co-exists with LDHs and ferric
oxyhydroxides afl = 50 °C (fig. 1,f, 2,d). In our previous work we showed
that the heating of the copper and cobalt-bearigders formed under the
RCD conditions afl = 740 °C led to the formation of a single hemapibase.
No other oxide peaks were present in the XRD patefhe XRFS study
confirmed the association of iron and copper orafiolin the chemical
composition of the powders. Moreover, the relatjuantity of the doped metal
remained the same in the wide temperature range-780 °C). So, such
powders may be used to obtain monominerdynparphic ferric oxides
(y-Fe0; anda-Fe,0s) doped by @-metal cations.

In addition, the role of cations of the dispersimadium in the formation of
polymorphic ferric oxyhydroxides was widely discedsin the scientific
sources. In conformity with our objects nickel magy included into a goethite
lattice without destruction of its crystal stru&uf22]. At that zinc cations
protect the lepidocrocite particles against digsmtuin ferrous sulfate medium,
but nickel ions do not affect the morphology angstallinity of y-FeOOH [23].
Ferrous cations are usually adsorbed on the lepidite surface in water
medium and may be exchanged for nickel cationsrm surface-modified iron
oxides [24]. The analysis of our systems confirntedt only y-FeOOH
appeared on the steel surface contacting with mit-@ontaining water
solutions, but botly- anda-FeOOH co-existed in the phase composition of the
powders when the steel surface was contactingmgtel-containing solutions.
At that, the relative quantity of goethite part wass in comparison with the
lepidocrocite part.
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Conclusions

The anion composition of the water salt solutiantacting with steel
surface under the rotation-corrosion dispergationditions play an important
role in the formation of not only the phase composiof the disperse surface
powders but their crystallinity as well. Whered®e usage of zinc and nickel
chlorides leads to obtaining of two or three phasewders including non-
stoichiometric spinel ferrites and ferric oxyhydiaes, nitrate salts permit to
form the single spinel ferrite phase. But in thegence of sulfate solution the
mixed layered double hydroxides appear among posai®ponents.

A thermogravimetric and differential thermal arsadyof the powders shows
four thermal effects corresponding to the losshefddsorbed water in the range
of 110—137 °C, hydroxylation at 270—281 °C, tramsfation of FeO, doped
by Ni?* or Zrf* into maghemitey-Fe,0O; at 200—245 °C, and polymorphic
transformation ofy-F&0; into hematitea-Fe,0O; at 300—338 °C. But both
sulfate-containing samples show an additional émulotic peak accompanied by
the mass loss (28—30%) in the temperature ranG22#-822 °C.

All mineral phases that are present in the powbeteng to nano objects
and their primary particle size is 10—23 nm foridegrocite, 14—23 nm for
goethite and ~15—28 nm for spinel ferrite. Depegdion the chemical
compositions of the water salt solutions the mésglistribution of the metals
in the powders (Fe : Me) varies from 96 : 4 to +30.

The morphology of the iron-oxygen structures ideldiin the powders does not
depend on the anion composition of the dispersiediinm contacting with the
steel surface. Particularly ferric oxyhydroxidesl anixed Ni(ll)—Fe(ll-11l) LDHs
have a plate-like or lamellar shape, and spineitésrform spherical particles.
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XapakTepucTHKA IUHK- M HUKeJIbCOAEP KALIUX KeJ1e30-
KHCJIOPOAHBIX HAHO(A3, MOJIYy4YeHHBIX HA MOBEPXHOCTH CTAJIN
B YCJOBHUSIX POTAIHOHHO-KOPPO3HOHHOTO 1M CIIEPTUPOBAHMS

E. H. JIaBpunesnko, O. 1O. [TaBnenko, 0. C. Illykun

HaHOpa3Meprle cmecu cheﬂ€30-KMCﬂ0p00Hblx ¢a3 noJIly4eHbl Ha noeepxHocmu cmajiu,
KonmaKmupylou;ezZ C B0OHBIMU pacmeopamu HeopeaHuveckKux conel YUHKA U HUKeENA, 6
ycuroeusix  pomayuOHHO-KOPPO3UOHHO20 ducnepeupoeanu}z. Cmecu  uccnedosamul
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Memooamu peHmeeHophaz08020 aHaiu3a, OUP@epeHyuaIbHo020 MePMUYECcKo20 AHAIUZA
(Tr | 41T, JTA) u cranupyioweil snekmponnou muxpockonuu. Iloxkaszano, umo npu
UCNONb306AHUU 8 Kauecmge OUCNEPCUOHHOU Cpedbl PACMBOPO8 HUMPAMO8 YUHKA U
HuKens o0bpazyemcs eOUHCMBEHHAs MUHEPANbHAs (Qaza HecmexuoMempuiecKou
Geppuwnunenu. B mo owce eépems ¢ npucymcemeuu Cl-Codepocawux pacmeoposg 6
cocmaee NOpoOwKo8 onpedeneHvl mpu  MuHepaivhvie pasel  (peppuwinunens,
nenudokpoxkum u cemum). IIpu ucnonv3oganuu 6 kauecmee OUCNEPCUOHHOU cpedbl
SQZ-codepacayux pacmeopos 6 cocmage NOPOUIKO8 OOHOBPEMEHHO ¢ OpyeuM
Gazamu obpasyiomes cmeuannvie cioucmolie 0gotnvie 2uopokcuovt (CHAI) orcenesza u
yunxa unu nuxensi. Oomen xamuonamu Fe(ll) u 3d-wemannos mescoy oucnepcnoii
¢aszoii u oucnepcuonnou cpedoil npugooum k cmaburuzayuu cmpykmypovr CHAI, umo
SHAYUMENbHO  YCIIOJCHAem NONYYeHue npu ux mepMudeckou mpaucgopmayuu
MOHOMUHEPATbHBIX (ha3 heppurununenell uiu OKCuoos dicenesa.

Knrouesvte cnosa:. memood pomayuoHHO-KOPPOZUOHHO2O OUCNEPSUPOBAHUSL, HECTEXUO-
mempuyeckue Zn-u Ni-codepocawue peppuwinunenu, cmewannvle cioucmole 080UHbLE
2UOPOKCUOBL, HAHONOPOUIKU.

XapakTepucTHKA IUHK- | HiKeJIeBMiCHMX 3aJi30KHCHEBUX
HaHo(da3, OTPUMAHUX HA MOBEPXHI cTaJi B yMOBax
POTANiiiHO-KOPO3iliHOT0 JUCIEePTyBAHHS

O. M. JlaBpunenko, O. 1O. ITasnenxo, 1O. C. Illykin

Hanoposmipni cymiwi 3anizokucnesux (paz ompumani 3a ymMo8 pomayitiHo-Kopo3itiHo2o
Oucnepzy8anusi Ha NOBEPXHi cmani, AKA KOHMAKMYE 3 GOOHUMU POIUUHAMU
Heopeaniunux conell yunky i wikemo. Ix 6ydo docnidoceno memooamu penmeero-
Gazoeozo ananizy, oupepenyiinozo mepmiunozo ananizy (II' | JTI', JTA) i ckanisnor
enexmponHoi mikpockonii. Tlokaszano, wo npu 6UKOpUCMAaHHI y AKOCMI OUCHEPCIUHO20
cepedosuwia Po3UUHIE HIMPaAmie YUHKY MA HIKemo Y CKIA0i NOPOUIKIE YMEOPIOEMbCsL
€0uHa MiHepanvha ¢aza Hecmexiomempuunoi pepuwnineni. Boonouac y npucymnocmi
Cl-emicnux posuunie y cxnadi nopowikie eusHaueHo mpu MiHepaivbhi paszu
(pepuwninens, neniookpokim i eemum). Ilpu euxopucmanui y sKocmi OUCNEPCIiHO20
cepedosuya SQP-emicux posuunis y ck1adi nopowiKie, 0OHOUACHO 3 iHwUMU Pasami
3’ aensomves smiwani wapysami noositini 2iopoxcuou (LTI sceneza ma yunxy abo
nikenss. Oomin kamionamu Fe(ll) i 3d-wemanie mise Oucnepcnoro ¢azoro ma
oucnepciiinum cepedosuiyem ede 0o cmabinizayii cmpykmypu LTI, wo 3naunoio
MIpOI0 YCKAAOHIOE OMPUMAHHA APU IX MepMiYHOMY NnepemeopeHHi MOHOMIHEPATbHUX
a3z pepuwnineneti ma oxcuodis gncenesa.

Knruosi cnosa: memoo pomayiiiHo-Kopo3itiHo2o0 OUCHepey8aHHs, HeCmeXioMempuiHti
Zn-i Ni-eumichi ¢pepurunineni, smiwiani wiapyeami noOGIHI 2I0POKCUOU, HAHOROPOUIKU.

81



