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Purpose. To analyze the impact of the nature of solution components on the process of conversion coating forma-
tion on low-carbon steel.

Methodology. Coatings were obtained by exposing samples to the modifying solution at an ambient temperature
for certain time. The potentiostatic and potentiodynamic polarization were employed to investigate solution compo-
nents’ impact on the steel surface behavior. Conversion film content was determined with an X-ray microscope.
Pictures of the obtained coatings were derived with optical and electron microscopes. The obtained conversion coat-
ings corrosion protection efficiency was determined by the gravimetric measurements.

Findings. A number of cold solutions for the formation of modified oxide conversion coatings on low-carbon steel
for temporary protection against corrosion in liquid and air environments have been elaborated. As a basis for such
mixtures, zinc acetate solutions are proposed. As modifying additives oxoanions were used whose incorporation into
oxide conversion films was confirmed by X-ray scanning microscopy. It was determined that the holding time in-
crease leads to a rise in content of modifying components in the film and growth of its thickness.

Originality. The elaborated solution compositions make it possible to form stable oxide films of different composi-
tion, such as conversion coatings on steel at room temperatures. These oxide conversion coatings are resistant to cor-
rosion in the majority of aggressive liquid and aerated environments. The applied environmental-friendly compo-
nents shift the metal substrate into a passive state, providing additional corrosion resistance. The protective oxide coat
is formed as a result of reduction of modifying additives on the surface of the metal to the form of oxygen-containing
compounds.

Practical value. The proposed safe conversion solutions are an alternative to ecologically hazardous chromium-
containing mixtures holding their own protective effect compared to known organic inhibitors, but do not require
complicated synthesis. The developed modified solutions also exclude the energy component during obtaining con-
version coatings that leads to simplification of hardware design and cheapening of technological process of their ob-
taining.

Keywords: conversion coating, passive film, modifying solution, oxoanion, modification, ecological safety, reduction,
oxide films

sion coatings with a number of protective specific prop-
erties are becoming increasingly widespread and used.

Introduction. The creation of new technologies leads
to the search for new modified corrosion-resistant ma-

terials and methods for their protection against the de-
structive effects of aggressive media. Apart from the
economic efficiency, it also is necessary to consider en-
vironmental safety while manufacturing and managing
these materials. Recently, in connection with the eco-
nomic crisis, instead of the traditional galvanic, conver-
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The term “conversion coating” (CC) refers to the
coating or protective layer formed on the surface of the
metal substrate or its oxidation products with specially
selected components of the conversion solution at a cer-
tain temperature. The traditional solutions for the CC
deposition contain toxic chromium compounds and are
formed at elevated structure-forming temperatures. In
addition, such waste solutions require special expensive
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methods of cleaning or recycling. That is why today, the
interest in solutions of the so-called “cold working of
metals” without the content of toxic chromates especial-
ly increases and has become an urgent research topic.

Analysis of the recent research and publications.
Nowadays, coatings become more popular, which have
not only improved performance characteristics and high
corrosion resistance, but also do not require complex
technological equipment for their deposition. It is also
necessary to consider the importance of wastewater
treatment in such technologies, since this process re-
quires additional staff to be involved as well as equip-
ment [1].

According to the most recent applied studies on this
topic, CCs are deposited on steel in hot concentrated
electrolytes. These electrolytes often comprise highly-
concentrated toxic or aggressive compounds.

Passive films, formed on the surface of steel at im-
mersion in convertible solutions which contain oxoan-
ions, without external current and heating, are more
inexpensive and simple, from the point of deposition
technology. There are known methods for obtaining
such films on the mild steels, using chromate and nitrite
compounds. But such solutions are very toxic and envi-
ronmentally hazardous. In addition, they are reported to
promote pitting corrosion of metal surfaces during ex-
ploitation.

At the moment, the work is under way to find and
replace these substances with molybdates, tungstates
and permanganates [2].

These solutions are capable of protecting electro-
negative metals — aluminum [3], magnesium, zinc and
their alloys, cadmium coatings, and stainless steel [4].

There are no chromate-free electrolytes capable of
being used for obtaining passive films that may serve as
CC for the mild steel. In addition, most studies show
that the obtained molybdate and other conversion coat-
ings are inferior to performance properties of films ob-
tained from the hot solutions. Therefore, the work on
improvement of such modified coatings continues and
remains highly relevant [5].

Objectives of the article. The purpose of this work
was to study the process of protective film formation on
the mild steels in passivating acetate based solutions
with addition of ecologically safe oxoanions.

Methodology. The electrochemical measurements
and corrosion tests were carried out using mild steel
samples with the following composition, %: Fe — 99.34;
C—-0.05;Si—0.1; S—0.035; Cu— 0.3; Ni— 0.15; P —
0.025.

The samples were polished by abrasive papers of dif-
ferent grit sizes, degreased with sodium carbonate,
rinsed with distilled water, dried at room temperature.

Conversion coatings were obtained by exposing the
samples to zinc-acetate-based solutions for 20—60 min-
utes at 18 + 2 °C. Due to being less toxic than chromates
and nitrites, ammonium and sodium molibdates, po-
tassium bromate were chosen as modifying oxidizing
additives.

The free-flow potentials of steel samples were mea-
sured right after their dipping in the acetate solutions
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containing the additives of oxoanions and without them.
The displacement of corrosion potential to the positive
side per 300 = 700 mV in comparison with the potential
of steel in an active condition testified to formation of a
passive film.

The rating of a stability and protective action of the
formed passive film was carried out as follows: the pas-
sivated samples were moved to the solution which is not
containing additives of oxoanions — low-mineralized
water (0.319 g/dm? Na,SO,4 + 0.3 g/dm> NaHCO,); then
the displacement in time of corrosion potential and an
anodic polarizing curve were measured. Changes in po-
tential were measured for 10 <+ 60 minutes.

Both these state were verified by comparison of the
free corrosion potential to the values derived from anal-
ysis of polarization curves, obtained on potentiodyna-
mically polarized steel surface (scan rate 2 uV/s). The
samples’ working area was 1 cm?.

The polarization investigations were performed by
using the potentiostat (PI-50-1.1) and a PR-8 program-
mer, oscillograph (C 8-13). In order to control pH of the
solution ionometer (EV-74) was employed.

The study was held in a regular 170-ml electrochem-
ical cell. The mild steel potential was measured relative
to the silver-chloride reference electrode. The obtained
electrode potentials were recalculated relative to the
normal hydrogen electrode.

The stability and protective properties of obtained
CC was evaluated by corrosion tests in a 10 % solution of
sodium chloride in a sealed testing chamber. The test
process included cyclic warming and cooling of the
samples in a corrosion chamber of varying humidity.

Corrosion rates and conversion coatings’ effective-
ness are calculated by means of the following equations

W, W,
ST (1)
cce =R 1400, )

1

where CRs is the rate of corrosion damage of coating,
g - m?h7!; S is the sample area (m?); W, is the initial
weight of the sample; W is the sample weight (g) after
the testing period; t is the exposure period (h), and CR,
and CR, are the corrosion rates without and with con-
version coating, respectively.

Compounds inclusion in passivating films and the
surface morphology was verified with an electron mi-
croscope (REM-103).

Presentation of the main research. Zinc acetate, as
the main component of modified convertive solu-
tions, was used. Its passivating properties were stud-
ied in [6].

Steel is in an active state in the solution of zinc ac-
etate (7.5 g/dm? ZnAc) without the additives of pas-
sivating oxoanions. The displacement of steel free cor-
rosion potential in time in the negative direction (F£ =
—0.53 V after 20—30 minutes of exposure) confirmed
this.

In order to prevent zinc precipitation, acetic acid was
added to the solution. pH of the solution did not exceed
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Table 1

Steel stationary potential in the passivating and reference solutions

Passivating solution, g/dm? Passivation _ Potential in
Solution potential, £, V low-mineralized water, E, V

ZnAc | NaAc | Na,MoO, | (NH,)¢Mo,0,, | KBrO; 10 sec 20 min 10 sec 20 min
1 7.5 0 0 0 0 —0.53 —0.53 —-0.336 -0.627
2 0 5.8 0 0 0 -0.61 -0.61 —-0.528 -0.63
3 7.5 0 0 0 4 0.049 0.226 0.03 —-0.332
4 7.5 0 4 0 3 —-0.397 —0.341 —0.399 —0.4
5 7.5 0 4 0 4 —-0.329 —-0.297 —0.301 —0.091
6 7.5 0 3 0 4 —0.335 —0.238 —-0.250 —-0.317
7 0 5.8 3 0 4 —0.450 —0.354 —0.455 —0.047
8 7.5 0 0 8 4 —-0.302 0.166 0.078 -0.177
9 0 5.8 0 8 4 —0.445 —-0.363 —0.350 —0.083

3.5. Zinc acetate promotes steel passivation better than
sodium acetate (Table 1).

The passivating action of zinc ions can be explained
by the insoluble compounds formation. While accumu-
lating, they block the metal surface and, as a result, in-
hibit its further corrosive destruction.

However, the acetate solutions without additives of
oxoanions promote the formation of passive films that
have no aftereffect. Such films are not stable to the influ-
ence of aggressive environments.

The addition of oxoanions to the zinc acetate solu-
tion causes the potential displacement in time in the
positive direction. This indicates the steel transition into
a passive state (Fig. 1).

The samples passivated in this way were trans-
ferred into the reference solution (low-mineralized
water), where their stationary potentials were mea-
sured. Afterwards, the potentials on passivated and

E. V
0.2 4 4

0.1

0.6 T T T T . T, min
0 5 10 15 20 25

Fig. 1. Change of steel stationary potential in time during
chemical passivation in zinc acetate solution with
oxoanion additives:
concentration of oxoanion additives, g/dm’>: 1 — 0; 2 —
4.0Na,MoO,+ 3.0KBrO3;; 3 — 4.0Na,MoO ,+ 4.0 KBrO;;
4— 8.0(NH,)Mo,0,,+ 3.0 KBro,
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non-passivated surfaces were measured and com-
pared.

In low-mineralized water, the stationary potential
of a steel sample without a preliminary passivation is
shifted to the negative side. In five minutes, after dip-
ping, the potential became constant E, = —0.648 V
(Fig. 2). This indicates the steel active state, while sam-
ples with pre-applied conversion coatings have more
positive potential values under the same conditions.
This proves that protective films persist on the samples’
surfaces.

Samples with the passive films obtained in zinc-ac-
etate solutions with potassium bromate additive have
the stationary potential slump when put in the refer-
ence solution. This behavior gives evidence of the met-
al surface activation. In this way, potassium bromate
does not form the stable passivation films. Although
bromate is an effective passivator, it does not have af-
tereffect [7].

E,V
0.1 -

o
01

0.2

0.7 T T T T . T, min
i} 5 10 15 20 25

Fig. 2. Change of steel free corrosion potential in time in
the low-mineralized water without passivation (1)
and after passivation in the Zn(CH;C0OO), solution
with oxoanion additives (2—4):
concentration of oxoanion additives, g/dm’: 1 — without pre-
liminary passivation; 2— 4.0 Na,MoO,+3.0 KBrO3; 3 — 4.0
Na,MoO,+ 4.0 KBrOs; 4— 8.0(NH,);Mo,0,,+ 3.0 KBrO;
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The instability of such passive films can be related
with the appearance of bromate reduction products in
the solution in the form of bromine ions, which have an
activating effect [2].

The micro-X-ray analysis of the steel surface layer
composition showed the bromate compounds inclusion
in a passive film in very small quantities (Table 2). Obvi-
ously, the formed films contain unstable iron oxides,
similar to those formed during the low-carbon steel an-
odic passivation [8].

Introducing molybdates to the passivating solution
causes the steel potential shift in the positive direction,
and makes it possible to obtain conversion coatings ex-
hibiting a significant aftereffect in water without passiv-
ating additives.

It is shown that molybdates contribute to the passive
film stabilization due to adsorption and its modifica-
tion [9].

According to the previous scanning X-ray micros-
copy studies, molybdenum was discovered to be includ-
ed in protective films as a ferric molybdate [9, 10].

It is also possible that obtained films are the mixture
of products of incomplete molybdenum reduction to
MoO, [9]. The presence of this or another oxide form in
the passive film depends on the concentration of molyb-
date additives, pH of the solution and passivating treat-
ment duration [11].

The exposure time has a great influence on the qual-
ity and properties of the formed oxide conversion coat-
ings. Its increasing resulted in the growth of not only the
content of oxoanions in the film (Table 2) but also of
conversion layer thickness to the range of 0.1 + 4.0 um
(Fig. 3). The film color became intense (from blue to

dark-purple) with an exposure time increase. It should
also be noted that the surface aligned and became
smoother during film growth (Fig. 4).

Protective properties of the formed CC are assessed
based on the intensity of the steel surface corrosion
damage after three months’ exposure to 10 % NaCl so-
lution fumes. Coatings, obtained from the zinc-acetate
solutions with potassium bromate and ammonia molyb-
date additives, demonstrated the best results. Such a
phenomenon can be explained by the content of polym-
erized molybdates in the formed modified oxide layers
structures. Occurrence of dark purple color of the film
which is characteristic of heptamolybdate ions confirms
the polymerization process. This conversion coatings’
efficiency against corrosion reaches 99.5—99.7 %.

In this way, stable coatings can be obtained if the
conversion solution contains the following: the insolu-
ble binder compound — zinc acetate; components that
after being reduced are included to the conversion
film — molybdates, and the passivating additive — potas-
sium bromate. Such ecologically safe modified solutions
allow obtaining stable coatings with fixed thickness and
high corrosive protection efficiency.

Conclusions and recommendations for further re-
search. The zinc acetate was proposed as the main com-
ponent of the modified conversion mixtures. As modi-
fying elements, potassium bromate, sodium and ammo-
nium molybdate compounds have been used for conver-
sion coating formation. The fact of the modifying com-
ponent inclusion in the conversion films was verified by
scanning X-ray microscopy.

The coatings were applied by dipping in the modify-
ing solution at room temperature and keeping there for a

Table 2
Contents of modifying components in conversion films formed on the steel
Conversion solution composition, g/ Exposure Modifying component content in the film, mass %
Ne dm’ ’ pH i .
m 1me, min 7n Mo Br
1 Na,MoO, 4.0 8.7 20 — 8.44 0.08
KBrO, 3.0
2 | (NH,),Mo0,0,, 8.0 5.9 20 - 2.87 —
KBrO; 3.0
3 Zn(CH;COO0), 7.5 3.5 20 0.25 4.44 0.08
N32M0044.0 KBFO3 30
4 Zn(CH;COO0), 7.5 3.5 40 0.29 5.08 0.08
NazMOO4 40 KBrO3 30
5 | Zn(CH,C00), 75 35 60 0.31 5.26 0.06
N32M004 40 KBI‘O3 30
6 Zn(CH;COO0), 7.5 3.5 20 0.27 4.87 0.04
(NH,),Mo,0,, 8.0
KBrO, 3.0
7 Zn(CH;COO0), 7.5 3.5 40 0.28 5.94 0.06
(NH,),M0,0,, 8.0
KBrO, 3.0
8 Zn(CH;CO0), 7.5 3.5 60 0.28 7.82 0.06
(NH4)2M07024 8.0
KBrO, 3.0
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a

C

Fig. 4. Morphology change in the steel surface during the acetate conversion coating formation:

exposure time, minutes: a — 10; b — 20; ¢ — 60

certain time. It was noticed that the longer exposure
time resulted in the film thickening (in the range of
0.1 +4.0 um) and additives contents in obtained layers.

Also, the advantages of the thin modified oxide pas-
sive films as the protective conversion coatings are in the
fact that they do not change the properties of the steel
surface, do not require the film to be removed for further
operations and do not interfere with the next steel pro-
cessing after storing under atmospheric conditions.

The designed solutions are able to form the stable
films not only on steels of different composition, but
also on zinc, aluminum, magnesium and their alloys.
They allow obtaining smooth films on the metal surfac-
es, which are highly corrosion-resistant in the majority
of the aggressive liquid and air environments. The cor-
rosive protection efficiency of conversion coatings
reaches 99.5-99.7 %.
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MeTta. AHaJli3 BIUIMBY MPUPOAU KOMIIOHEHTIB PO3-
YMHIB Ha 3aKOHOMipHOCTI MpoueciB (hOpMyBaHHS KOH-
BEPCIMHUX MTOKPUTTIB HA MAJIOBYIJIELIEBUX CTAJISIX.

Mertoauka. HaHeceHHsI MOKPUTTIB 3AilCHIOBAIU
METO/IOM 3aHYPIOBaHHS B MOAUDIKYIOUMIA PO3UMH MPU
TeMIIepaTypi HAaBKOJMIITHBOTO CEPEIOBUIIA If BUTPUM-
KN Y HbOMY IIPOTSTOM II€BHOTO 4acy. JIJjiss BUBUCHHS
BIUIMBY KOMITOHEHTIB KOHBEPTYIOUMX PO3UMHIB Ha T10-
BEIiHKY CTajli 3aCTOCOBYBaJIM IOTEHLIIOCTaTUYHI Ta
MOTeHIIOAMHAMIUHI Tonsgpu3aiiiidi Bumipu. Ckiaf
KOHBEpCIiMHUX TUIIBOK BHU3HAYaJM 3a JOIMOMOIOI0
PEHTIeHiBCbKOro MikpoaHaiizaropa. Potorpadii Ha-
HECEeHUX ITOKPHUTTIB OTPUMYBAJIM Ha ONTUYHOMY Ta
€JIEKTPOHHOMY MiKPOCKOTIaX.

Pe3yabTatu. Po3pobsieHO psifi XOJOAHUX PO3UMHIB
1151 OopMyBaHHS MOAM(PIKOBAHUX OKCUIHUX KOHBEP-
CIfHUX TTOKPUTTIB HA MAJIOBYTJIELEBil CTasi A1 TUM-
4acoBOI'0 3aXMCTYy BiJl KOpPO3il B PiIKUX i MOBITPSTHUX
cepenoBulllaXx. B SIKOCTi OCHOBUM IS TaKUX CyMIillIeid
3aIIPOITIOHOBAHI PO3YMHHU OLTOBOKMCIIOTO LIMHKY. SIK
MonMpikyodi 100aBKM BUKOPHCTOBYBAJIM OKCOAaHiO-
HU, BKJIIOYCHHS SIKUX J10 CKJIaAy OKCUIHUX KOHBEPCiii-
HUX TUTIBOK MiATBEPIXKEHO METOJOM PEHTTeHiBCHKOI
CKaHy10401 MikKpockoItii. BctaHOBIEHO, 1110 30iIbIIeH-
HSl yacy BUTPUMKM 3pa3Ka B IAaCHBYIOUOMY PO3UMHI
MPU3BOIUTH O MiABUIIEHHS BMIiCTy MOAMMDiIKyOUUX
KOMIIOHEHTIB y TLIiBII Ta POCTY ii TOBILIUHM.

HaykoBa nHoBu3Ha. Po3po0ieHi ckiaau po3uMHiB
JIO3BOJISIIOTH (DOpMYyBaTH Ha MaJlOBYIJIELIEBiil cTajli 3a
KiMHATHUX TeMIlepaTyp CTiliKi OKCUIHi TJIiBKU, TUITY
KOHBEPCIHUX TTOKPUTTIB, IO TIPOSBISIOTH ITiABUIIC-
HY KOpO3iiiHy CTiliKiCTbh Y OiIBILIOCTI arpeCUBHUX Pil-
KMX 1 MOBITpSIHUX cepenoBull. ITimidOpaHi eKoJoriyHO
0e3MeuHi KOMIIOHEHTH TIePeBOASATh METaI-OCHOBY 110
MacMBHOIO CTaHy, 3a0e3Meyyloud MOOJATKOBY MOTo
CTiliKicTh 10 KOpo3ilfiHoro BruiuBy. Hapasi, cam 3axuc-
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HUI OKCUIHUU 11ap GOPMYEThCS B pe3yIbTaTi MpoIie-
CiB BiTHOBJICHHSI MOAU(IKYIOUNX J00aBOK HA TTOBEPXHi
MeTajTy 10 KUCHEBMIiCHUX CITOJTYK.

IIpakTHyHa 3HAYMMICTB. 3alIPONOHOBaHI Oe3IMeuHi
KOHBEPTYIOUi PO3UMHU € aJIbTEPHATUBOIO €KOJOTIYHO
HeOe3MeYHMM XpOMBMICHUM CyMilllaM, He MOCTYyIIalo-
YHCh 3aXMCHOIO Ji€10 OpraHiuHUM iHTiOiTOpaMm, 11O 1iie
1 TTOTPeOYIOTh CIEeNiaTbHOTO TeXHOJIOTIYHOTO CUHTE3Y
Ta BUMYCKAIOThCS MPOMUCIOBICTIO. TakoX po3pobJieHi
MOIMMDiIKyIOUi PO3UMHU O3BOJISIIOTH  BUKIIIOUUTU
E€HEepreTUYHy CKJIaJOBY MPOLIECY HAHECEHHSI KOHBEP-
CIfHMX IIapiB, 110 TPU3BOAMUTH IO CITPOIICHHS arapa-
TYpHOTO O()OPMIIEHHS Ta 3IEIIEBICHHS TEXHOJIOTIYHO-
TO TIPOIIECY OTPUMAHHSI TAKMX ITOKPUTTIB.

KimouoBi cioBa: xousepciiine nokpumms, nacueHa
naieka, moougiKyrouuil po3uuH, 0KCOAHioH, mMoougika-
uisn, ekonoeiuna besnexa, 8i0H08AeHH, OKCUOHI NAIBKU
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Heab. AHanu3 BAMSIHUS TPUPOIbI KOMIIOHEHTOB
pPacTBOPOB Ha 3aKOHOMEPHOCTH MPOLIECCOB (hOPMUPO-
BaHUsI KOHBEPCUOHHBIX MOKPBITUI HAa MAJIOYTJIEPOAM -
CTBIX CTAJISIX.

Metoauka. HaHeceHMe TTOKPBITUI OCYILIECTBISLIN
METOIOM IOTPYKEHUST B MOTU(UIINPYIOIINI pacTBOP
TIpU TeMIIepaType OKPYKaOIIEii Cpelbl M BHIICPKIBA -
HUU B HEM B T€YECHME ONpeaesIEHHOTO BpeMeHU. st
WU3y4YeHUs BIUSHUS KOMITIOHEHTOB KOHBEPTHUPYIOIINX
pPacTBOPOB Ha MOBEACHME CTalM IMPUMEHSIN IMOTEH-
LIMOCTAaTUYECKUE U TIOTEeHIIMOANHAMUYECKUE TIOISIPU-
3allMOHHBIE U3MepeHusi. CocTaB KOHBEPCHUOHHBIX
IUIEHOK OIpeAesiid MPpU TOMOIIU PEHTTeHOBCKOIO
MUKpoaHanm3a. Potorpaduu HaHeCEHHBIX TTOKPBITHIA
MoJiyyaii Ha ONTUYECKOM U BJIEKTPOHHOM MMKpPO-
CKoOITax.

PesyabTatel. PazpaboTaH psiii XOJOIHBIX pacTBO-
PpOB 17151 (hOpMUPOBAHUS MOIU(DUITIPOBAHHBIX OKCHI -
HBIX KOHBEPCHUOHHBIX ITOKPHITUI HA MaJIOYTJICPOIM-
CTOM CTaJM IJISI BPEMEHHOM 3aIllUTHI OT KOPPO3UH B
KUIKUX U BO3OYIIHBIX cpemaX. B KauecTBe OCHOBBI
IJIST TAKUX CMeCeil MpeIIoXXKeHbl PacTBOPHI YKCYCHO-
kucaoro nuHka. Kak momuduuumpyomme nodaBKU
HCTIOIb30BaHbl OKCOAHUOHBI, BKIIOYEHUE KOTOPHIX B
COCTaB OKCUAHMUX KOHBEPCUOHHBIX IUIEHOK IIOA-
TBEPKAEHO METOAOM PEHTTEHOBCKON CKaHUpPYIOLIei
MUKPOCKOTIMU. YCTaHOBJIEHO, YTO YBEJMUYEHUE Bpe-
MEHU BBIICPKKH IMPUBOIUT K ITOBBIIICHUIO COIepKa-
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HUST MOAMMPUIIMPYIOLIMX KOMIIOHEHTOB B TUIEHKE U
pOCTY €€ TOJTIIUHBI.

Hayuynasa noBu3Ha. Pa3zpaGoTaHHbIE COCTaBbl pac-
TBOPOB MO3BOJISIOT (POPMUPOBATH HA MAJIOYTJICPOIM-
CTOM CTaJyd NPU KOMHATHBIX TEMIIEpaTypax yCTOUUYU-
Bbl€ OKCHUIHBIC TJIEHKMU, TUIIA KOHBEPCUOHHBIX I1O-
KPBITUI, TPOSIBISIONIMAE TOBBILIEHHYIO KOPPO3UOH-
HYIO CTOMKOCTb B OOJIBILIMHCTBE arpeCCUBHBIX KUAKUX
M BO3AYyLIHBIX cped. IlomoOpaHHbIE 3KOJOTMYECKU
Oe30macHbIe KOMITOHEHTHI IePEeBOAST METaII-OCHOBA-
HHE B MTAaCCUBHOE COCTOSIHUE, obecrieurBast JOMOJIHU-
TEJbHYIO €ro yCTOMYMBOCTb K KOPPO3UOHHOMY BO3-
neiictBuio. Cam Xe 3alIMTHBIN OKCUIHBIN 10t (hop-
MUpPYETCSl B pe3yJibTaTe BOCCTAHOBJIEHUSI MOIUDUIIN-
pyOLIMX 100aBOK Ha TOBEPXHOCTU METAJLIA 10 KUCJIO-
polcoaepKammux COEAMHEHUN.

IIpakTuueckas 3HaunMocTb. [IpennoxeHHbIe Oe30-
MaCcHbIE KOHBEPTUPYIOLIME COCTABBI SIBJSIIOTCS AJIbTEP-
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HATUBOM 3KOJOTMYECKM OIACHBIM XPOMCOAEPXKAILINM
CMecsIM, HE YCTyIas B 3alllUTHOM ACWCTBUU U3BECT-
HbIM OpPraHMYEeCKUM WMHTUOUTOpaM, U, B OTIMYUE OT
MOCJIEAHUX, He TPEOYIOT CIIELIMAJIbHOIO TeXHOJIOTrnYe-
CKOTO CMHTE3a, a BBIIYCKAIOTCS ITPOMbBILILICHHOCTBIO.
Takke pa3zpaboTaHHbIe MOIUMUIIMPOBAHHBIE PACTBO-
PBI TIO3BOJISTIOT MCKJIIOYUTH 3HEPIeTUYECKYIO COCTaB-
JISTIONIYIO Mpoliecca HAaHECEHUSI KOHBEPCUOHHBIX CJIO-
€B, YTO MPUBOAUT K VIPOIICHUIO amIapaTypHOIo
oopMIIeHUST W YIOCHICBICHUIO TEXHOJOTHMUECKOTO
Ipoliecca MOJyYeHUST TAKUX TTOKPBITHIA.

KimoueBble CIOBAa: KOHGEPCUOHHOEe NOKpbimue, Nac-
CUBHASL NAEHKA, MOOUDUUUPYIOWUTI pACMEOp, OKCOAHU-
OH, MOOUGUKAUUs, FKOA02UMECKas Oe30NACHOCMb, 680C-
cmaHoeéaenue, OKCUOHAs NAEHKA

Pekomendosano 0o nybaikauii dokm. mexH. HayK
T. A. llabaiem. Jlama naoxodxucenus pykonucy 26.08.17.

71




