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The kinetic regularity of origin and transformatiaf the Fe (I1)-Fe (lll) LDH structures on the
steel electrodes surface contacting with Fea0d Fe(SQ,); dispersion medium at free access of
the air oxygen into the system was studied. X-ifisadtion was chosen as the main method of ingasti
tion. It was shown that regardless of oxidationelesf iron with its concentration $810° mg/dni on
electrode surface the GR($Q phase was formed staying single for almost 5 kodihe phase
transformation of embryonic GR($Q surface structures occur with formation of morpdgical
composites of iron-oxygeprow: lepidocrocite »FeOOH and magnetite E®,, and a-row struc-

ture representative, goethiteFeOOH.

INTRODUCTION

The present state of the chemistry science
has created conditions for close connection with
branches of knowledge which need the produc-
tion of new materials, for example, on the basis
of iron which can be used for the needs of biol-
ogy and medicine, particularly for creating mag-
netic carriers for controlled transport of a medi-
cal product in the magnetic field, the developing
new antioxidant protection of organism, creating
antitumoral preventive and therapeutic medicine,
etc. Fe (lII)-Fe (Ill) LDH orGreen Rushave got
magnetic [1] and reducing [2] properties and
they can transform to iron oxyhydroxides and
oxides of different crystallographic modifica-
tions [3] or ferrites by creating favorable condi-
tions of synthesis (oxidation conditions, chemi-
cal composition and pH meaning, addition of
stabilizing components and surface modifiers).
At the same time, reaction ability of such struc-
tures limits the time of their existence in stan-
dard conditions which might bring to difficulties
in LDH investigations and there is the necessity
of applying additional ways of their treatment
and stabilization [4]. Fe (II)-Fe (lIl) LDH struc-
tures are composed from hydroxides layers,
which are formed from octahedrons'EgOH)g,
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with interlayer water molecules and anions
which compensate the charge of Fe (lll) hy-
droxides layers and supply electroneutrality of
the structure. In general, the structure of Green
Rust corresponds to the chemical composition
[Fe'1.oF€"(OH) - [(/nA-(m/NH0)]* [5].

In laboratory, the Fe (Il)—Fe (lll) LDH structures
are obtained by chemical or electrochemical
techniques [6, 7].

Traditional investigation methods of Fe(ll)-
Fe(lll) LDH are Mjssbauer and Raman spec-
troscopy, X-ray diffraction, scanning electron
microscopy (SEM). The aim of our investigation
is studying the kinetic regularity of origin and
transformation of the Fe (ll)-Fe (lll) LDH struc-
tures on the steel electrodes surface contacting
with FeSQ and Fg(SOy); dispersion medium at
the condition of free access of the air oxygen
into the system.

MATERIALS AND METHODS

The studying of process Fe (I)-Fe (IlI)
LDH formation has been carried out on the sur-
face of the disk electrode from finished steel
(St3) with composition (%):.C — 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 — 0,01. The
Fe(SOys-and FeSQ solutions in pH range
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from 3.0 to 11.0 with Fe concentrations from
10 to 1-16 mg/dnt have been chosen as disper-
sion medium. X-ray diffraction (XRD) was
chosen as the main method of investigation.
Measurement was taken on computer-aided
equipment (DRON 3) with filtered emission of
iron anode in discrete conditions of plotting
with pitch of 0.1 degree and time of piling in
every point 4 s. The addition module was used
for recording this process situ. The rotation

of the steel disk supplied the variable contact of
their surface with air and dispersion medium.
The scanning electron microscopy (SEM) was
suggested as additional visualization technique
of the derived samples.

RESULTS AND DISCUSSION

The study of formation the embryonic struc-
tures of Fe (lII)-Fe (lll) LDH into Fe (Il) and
Fe(lll) sulfate solution shows the presence of
hydroxysulfate Green Rust Il (GR($Q) with
general composition Egrd'",(OH),,S0~8H,0
[8] after 10—20 min; spatial group of this struc-
ture is trigonal —part; parameters of elementary
lattice are a=0.5524 nm, ¢=1.101%nm,
V=0.29097 nth and Z=1/2. Fig.1 shows a
XRD-data of GR(S@) structure after 40 min
from the beginning of observation and additional
plot shows kinetic correspondenceintiensity of
the most important characteristic picks 1.090 and
0.548 nm (planes (001) and (002), respectively).
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Fig. L. XRD data of hydroxysulfate Green R
(GR(SQ?) sample:l — a-Fe’, 2 — GR(SQ%);
the kinetic of reflection intensity the planes
GR(SQ?): 3 — (001),4 — (002) on the addi-
tional graph

The formation of the GR(SP) structure

tiled water. Than GR structures are transformed
into Fe (lll) oxyhydroxides phases. The rate of
oxyhydroxides within of surface structures
grows and comes up to the maximum after
72 hours. At the extreme points of pH value the
formations of hydroxysulfate Green Rust Il
(GR(SQ?) occurres in pittings. By lowering the
initial iron concentration to 10 mg/dmand
variating the pH value the formation of phase
GR(SQ?) is not always identified by XRD but
its presence was confirmed by SEM. In that
condition of carrying out the process the phase
consisting of surface structures is characterized
by the decreasing the relative quantity of phase
GR and increasing relative % mass the total
mass phasea- and y-iron oxyhydroxides and
magnetite. With it in Fe (ll) system the inten-
siveness of growing GR phase and speed of that
process exceed twice that result as compared
with Fe (lll) system.

Under the contact of the electrode surface
with dispersion medium the relative quantity of
magnetite FgO, phase had come up to the
maximum in 24 hours and than decreased. The
total mass of iron oxyhydroxides, on the con-
trary, increases and after 72 hours of the ex-
periment makes up ~80% of the total mass of
surfaces of iron-oxygen structures. Fig. 2 shows
electronic microphotos of GR(S® structures
which were obtained in neutral dispersion me-
dium on the surfaces of a steel electrode at con-
tacting with saturated air oxygen of dispersion
medium. The particles of Fe (II)-Fe (lll) LDH
(size 0.5-1.Qum) contact with one another and
participate in formation of solid layer on elec-
trode surfaces.

In accordance with the derived data an as-
sumption was made about the mechanism of the
processes of iron-oxygen structures formation on
the steel electrode surface which was contacting
with water dispersion medium and air oxygen.
During the first hours of the processing in the
thin films initial iron-oxygen structure is formed
on the surface containing the Fe (Il) and Fe (llI)
cations and according to the XRD-data corre-
sponding to hydroxysulfate Green Rust

was ascertained in pH range from 3.0 to 11.0 by (GR(SQ®). According to literature source [9],

the experimental investigation. Derived experi-
mental data show the growth of bulk of Green

the development of such a structure could occur
due to formation of goethite-FeOOH phase by

Rust on the steel surface during 3-5 hours when oxidation Fe (ll)-Fe (lll) LDH with oxygen dis-

Fe (II) and Fe (lll) salts with contents of cation
about 16-10° mg/dn? were dissolved into dis-
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solved in dispersion medium. In our case this
process occurs as a result of the forced oxygen



O.M. Lavrynenko, Ya.D. Korol, S.V. Netreba, V.A. Prokopenko

delivering to electrode surface at the expense of place the structural elements of Green Rust. The
its rotating under changeable contact with air following oxidation of iron goes by destruction
and dispersion medium. Another typical process of the phase magnetite J&3 and Green Rust
was phase transformation of Green Rust into and formation well-crystallizing needle-shaped
lepidocrocitey-FeOOH [10]. As in [11], in both particles of lepidocrocitg-FeOOH [12]. In gen-
cases the mechanism of phase transformationeral, the transformation of the structure
could be divided into two stages — partial de- GR(SQ?) into the phases of iron (Ill) oxyhy-
struction of phase Green Rust and secondary droxides or magnetite could pass by the follow-
precipitated well ordered structures of iron (lll) ing reactions

oxyhydroxides. 2Fd' Fe',(OH)1,.SO, + 1.5 —
— 10FeOOH +2FeSg& 7H,0

2FeOOH + F& + 20H — FeFgO, + 2H,0
(AG 05 = -24.4 kcal/mol)

Fe',F" ,(OH);,.SO, + 0.5Q —
— 2Fg0, + H,SQ, + 5H,0

In its turn oxidation of the magnetite at the
expense of air oxygen facilitates the formation of
the iron oxyhydroxide

2FeFe0O, + 0.5G + 3H,0O —
— 6FeO0H (G s -49.7 kcal/mol).

Thus the replacement of oxidation condition
and entering the system by the hydroxyl ions and
Fe (ll), for example by the passing electro-
chemical Red-Ox reaction on the steel surface,
gives an opportunity to control the process of
phase formation and to get separate phases
GR(SQ?), FeOOH or F¢O, on the steel sur-
face. In the same time, as a consequence of di-
rect interaction between the products of elec-
trode processes near-electrode space the forma-
tion of iron (Il) hydroxide and its oxidation to
magnetite are possible [13]

6Fe(OH) + O, —

AR, R T8 — 2Fe0, + 6H0 (AG%qs= -123.0 kcal/mol)
wzok 1 : or by oxidation Fe(OH)in presence of Fe (lI)

_ and SQ* — to phase of GR(SP). As in [14],
Fig. 2. Structures of Fe (II)-F¢lll) layered doubl such transformation has topotactical character,

hydroxide (GR(S@)) formed on the surface
steel electrode by its contact with water disper-
sion medium at free acces$ air oxygen int
the system

i.e. the oxidation of Fe (Il) occurs by partial re-
arrangement of Fe(Okl)lattice without lattice
destruction

_ _ 5Fe(OH}+F€&'+SQ7 +0.50:+9H,0 —
' The formation of magnetite phase at the_ be- —Fd',Fé",(OH)1,S0,-8H,0
ginning of the process of structure formation, (AG° — .2522.1 keal/mol)
according to [12], could occur by oxidation in 298~ ' '
lattice of Fe (IN-Fe (lll) LDH~33% Fe (II): in However, in our case the formation of Fe(@H)
that case phase of magnetite supplement or re-was not seen.
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CONCLUSIONS
The investigation of kinetic correspondence of

formation of the embryonic Fe (Il)-Fe (lll) LDH
structures (Green Rust) on the steel surface in
presence of the Feg@nd Fg(SQ,); water solu-
tions was recordeih situ by X-ray diffraction. It
was shown that regardless of oxidation level of
iron with its concentration #9010’ mg/dn? on
electrodes surface the phase GR{S®as
formed and stayed single for almost 5 hours. A
change of the conditions of carrying out the proc-
ess resulted in considerable decrease of hydroxy-
sulfate Green Rust (GR($Q emergence.

The phase transformation of embryonic sur-

faces structures GR(S) occurs with formation

of morphological composites of iron-oxygen
y-row: lepidocrocite y-FeOOH and magnetite
Fe;0, anda-row structure representative, goethite
a-FeOOH. Changing the physical-chemical con-
dition processing of phase formation, such as
guantity of oxidant which comes to electrode sur-
face, could change the way of the process going
to the side of formation of other iron-oxygen
structures.
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Kinernusi 3axonomipHocti popmysanus crpykryp Fe (I11)—-Fe (1)
HIIT (Green Rust)na moBepxHi craJi
B npHUcyTHOCTI Boauux po3uuniB FeSQ, ta Fe(SO,)3

O.M. JlaBpunenko, S1.J1. Kopons, C.B. Herpeba, B.A. [Ipokonenko

Tuemumym 6iokonoionoi ximii im. @.J]. Osuapenxa Hayionanvnoi akademii nayx Yxpainu
oynve. Axademixa Bepnaocvrozo 42, Kuie 03142,Vkpaina, ibcc@ukrpost.ua

Yepracvkuti HayioHanvHut yHigepcumem im. b. XuenbHuybko2o
oywe. [llesuenka 81, Yepracu 18031,Vkpaina, king@cdu.edu.ua

Hocniooceni kinemuuni 3axkonomiprocmi zapooicenns ma nepemsopenns cmpykmyp Fe (1N—Fe (1) wa-
pysamux noogiunux 2iopoxcudie (L) Ha nosepxni cmaneo2o erekmpooa, AKuli KOHMAKMye 3 oucnepcii-
Hum cepedoguwyem, wo micmumos FeSQ ma Fey(SQy)s, 3a ymosu 6inbH020 HAOXOONCEHHSA 8 CUCMEMY KUCHIO
nogimpsi. I'onognum memooom docaiodxcenns 6ye penmeenogazosuii ananiz (P@A). Ioxaszano, wo nesanesic-
HO 6i0 CMynens OKUCHeHHs 3d1i3a 8 Oucnepcitinomy cepedosuwyi npu tio2o konyenmpayii 10°=10° melom® na
nosepxui erexmpody ymeoproemocs paza GR(SQ?), axa samumaemvcs edunow npomszom 5 200un. Pazosi
mpancopmayii  3apookosux nosepxuesux cmpykmyp GR(SQ?) npoxodsms 3 ymeopemmsm 3zanizo-
KucHegux cmpykmyp V-psaoy. neniookpoximy yFeOOH i macnemumy Fe304 ma npeocmasnurka a-psoy, ce-
mumy o-FeOOH.

Kuneruueckue 3axonomMepHoctu popmuposBanus crpykryp Fe (I)-Fe (111)
CJI' (Green Rust)Ha moBepXHOCTH CTAJIH
B MPUCYTCTBUH BOAHBIX pacTBopoB FESQO u Fey(SOy)3

E.H. Jlaspunenko, 5./1. Kopoas, C.B. Herpeoa, B.A. [Ipokonenko

Hnemumym 6uoronnouonou xumuu um. @.J]. Osuapenxo Hayuonanvroii akademuu Hayk Yxkpaunol
oynve. Akademuxa Bepraockoeo 42, Kuee 03142, Vkpauna, ibcc@ukrpost.ua

Yepxacckuil nayuoHanbHulld yHugepcumem um. b. Xuenvnuyxozo
6ywvs. Lleguenxo 81, Yepraccor 18031, Vrpauna, king@cdu.edu.ua

Hccenedosanvt kunemuueckue 3axonomeprocmu saposicoenus u mpancgopmayuu cmpykmyp Fe (I11)-Fe (l)
croeguvix 08otinwix cuopoxcuoos (CHAI) na nogepxnocmu cmanbHo20 91eKmMpPood, KOMOPblil KOHMAKIMUPYem ¢
oucnepcuonnoli cpedoil, codeprcaweti FeSQ u Fey(SQy)s, npu c60600nom docmyne 6 cucmemy Kuciopooa
6030yxa. OCHOBHBIM MemoO0oM ucciedosanus ovln penmeenogaszosvill anaius (POA). Ilokazano, umo nesa-
BUCUMO OM CMenenu OKUCICHUs KHcene3d 8 OUCnepcuontoil cpede npu e2o konyenmpayuu 10°—10° melom® na
nosepxnocmu snekmpoda obpasyemes paza GR(SQ?), komopas ocmaemes eduncmeennoii 6 meuenue 5 ua-
cos. Dazosvie mpanchopmayuu 3apodviuiessix nogepxnocmuvix cmpykmyp GR(SQ?) npoxodsm ¢ o6paso-
BAHUEM JHCeNe30-KUCTOPOOHbIX cmpyKkmyp y-paoa: nenudokpokuma y-FeOOH u macnemuma Fe30,4 u npeo-
cmasumens a-psaoa, cemuma o-FeOOH.
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