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DISSOLUTION OF STAINLESS STEEL IN SODIUM CHLORIDE SOLUTION
AT POLARIZATION BY NON-STATIONARY CURRENT

Abstract. Stainless steel is in great demand due to its mechanical strength, heat resistance, and
resistance to corrosive environments. This article presents the result of a study of the electrochemical
dissolution behavior of a stainless steel electrode (12X18H10T) at polarization by 50 Hz alternating current
in a neutral medium (NaCl). Preliminary experiments have shown that the main processes do not take place
when two stainless steel electrodes are polarized with an alternating current. It was observed that by the
polarization of the “stainless steel — titanium” pair electrodes with alternating current, the alloy is
intensively dissolved with the formation of iron (II) and chromium (III) ions. This is due to the "valve"
properties of the oxide layer formed on the surface of the titanium electrode. A change in the value of
the current density of the titanium and steel electrodes significantly affects the process of
electrochemical dissolution of the alloy. At high current densities, the dissolution rate of the alloy
decreases due to the deterioration of the current correcting properties of titanium. With an increase in the
electrolyte concentration, the current efficiency is reduced as salt passivation occurs. A maximum value of
the current efficiency of dissolution of stainless steel was observed at a current frequency of 50 Hz. High
frequencies of the alternating current do not provide an adjustable duration of the anodic half-cycle for the
oxidation reaction due to the frequent change of half-cycles of the alternating current. It was observed that
increasing the temperature of the electrolyte reduces the current efficiency of the electrochemical
dissolution of stainless steel electrodes. The effects of main electrochemical parameters on the electrolysis
process have been investigated, and the optimal conditions of the alloy dissolution were established (iTi =
60 kA/m?, iSS = 800 A/m?, [NaCl] =2.0 M, t =30, v= 50 Hz.).

Key words: stainless steel, titanium electrode, alternating current, electrochemical dissolution, chromium
(IT) ions, iron (IT) ions, current density, and current efficiency.

Introduction.

Therapid development of innovative technologies
has led to the emergence of new metal alloys with
special properties. 12X18HIO0T stainless steel is
highly resistant to the harshest conditions due to
the presence of various alloying elements. Stainless
steels consist mainly from chromium and nickel.
The corrosion resistance of austenitic stainless steels
depends on high chromium chemical content. When
immersed in a corrosive medium, it forms a protective
oxide layer, which reduces the rate of dissolution [1].
Due to its strength, impact resistance, and corrosion
resistance, it is widely used in the production of
chemical, nuclear, aerospace, and heavy aircraft
components [2].

The corrosive properties of stainless steel type

12X18H10T have been studied in several works
[3-5]. A.V. Jarochuk and et al considered the effect
of annealing and neutron irradiation parameters
on the microstructure and corrosion properties of
12X18H10T stainless steel. The voltage dependence
of the anode current density has been determined.
Research results revealed that the corrosion
resistance of steel in the chloride-containing medium
depends on the intensity of redox processes on the
surface of the metal, on the state of the structure at
micro- and nano-levels [3]. The corrosion resistance
of 12X18H10T stainless steel and new high-strength
05X22AG15H8M2F austenitic steel has been studied
comparatively. Laboratory and field tests have shown
that steel 05X22AG15H8M2F has higher corrosion
resistance than steel 12Cr18Nil0OTi [4]. Corrosion
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of 12Cr18Nil0Ti chromium-nickel steel in 2.0 M
hydrochloric acid medium was studied using weight,
potentiometric and voltammetric techniques. It was
found that corrosion of steel in background acid
solutions, as well as in the presence of inhibitors
occurs in the zone of active dissolution of the metal
[5].

In the next study, the corrosive properties of
Cr-Mn austenitic stainless steel were studied in a
sulfuric acid medium containing thiocyanate ions.
In the presence of 0.01 M, NH4SCN ammonium
thiocyanate showed a thinning of the passive film,
resulting in an increased corrosion rate [6].

The effect of 3.5 wt% addition of Si on the corrosion
resistance of 18Cr-15N stainless steel a nitric acid was
studied via special electrochemical measurements.
As a result the X1CrNiSil8-15-4 stainless steel
corrodes slower than X1CrNiSil8-15-10 steel. The
presence of Si in the oxide film slightly deteriorates
the passivity of stainless steel and restrains the
reduction process [7].

The electrochemical behavior of austenitic
stainless steel (type 304) was studied by
potentiodynamic polarization and weighting method
in 3M sulfuric acid with 3.5% recrystallized sodium
chloride. Research results displayed the absence of
corrosion products and topographic changes in the
steel surface layers [8].

The electrochemical dissolution of 2205 duplex
stainless steel in a chloride-thiosulfate medium
was studied by potentiodynamic polarization,
electrochemical impedance spectroscopy, and Mott-
Schottky measurements. The CI- and S20s,- ions at
high anodic potentials worsened the passivity of the
passive film, while S2032- facilitated the oxidation
of Cr (II) to Cr (VI) [9].

The effect of extreme stray current on the anodic
dissolution and passivation of X80 steel in NaHCO:s
solution were studied by drawing polarization curves
and using EIS, AFM, and SEM methods. During
anodic current polarization (i=0~200A/m?) it was
determined that the components of X80 stainless
steel corrosion products were FeOOH in outer and
Fe304 lied in inner [10].

The mechanism of growth and electrochemical
properties of the oxide film on AISI 304 stainless
steel were studied in fluoride media at different pH
values. Fluoride concentration has a significant effect
on dissolution rate and oxide film resistance relative
to pH [11].

Low concentrations of thiocyanate significantly
increased the active dissolution rate of austenitic and
ferritic stainless steels. The effect of thiocyanate on
the anodic dissolution of pure iron, pure chromium,
and 430 stainless steel in 1M Na2SOs4 solution
acidified with H2SO4 was studied by potentiostatic
and impedance measurement. Thiocyanate oxidized
with sulfuric acid had little effect on the anodic
dissolution of pure iron, but increased the dissolution
rate of chromium to one order of magnitude, and had

a stronger effect on stainless steel type 430 [12].

The electrochemical dissolution behavior of pure
iron and chromium metals were studied in various
aqueous media [13-15]. The anodic dissolution of
iron in H2SO4+ and HNOs solutions was studied with
a Pt electrode modified with polyaniline by using
SECM. It is shown that Fe(OH): and (FesO4) are
present on the surface of the iron electrode during the
oscillating process. The results showed that the pH of
the solution played a key role, and anions played an
additional role in the oscillating current [13].

The effect of chloride (Cl-) and nitrate (NOs) ions
during anodic dissolution in the Fe/H>SOs4 system
was studied. At the initial stage of the passive zone,
it was found that NOs- ions contribute to the anodic
dissolution of iron by creating more active sites
on the surface of the electrode at CNOs/CCl-=1:1.
However they inhibit anodic dissolution when CNOs/
CCI-=10:1 [14].

The dissolution mechanism of pure chromium
at high current densities characteristic for
electrochemical processing is studied. The
mechanism of chromium dissolution was explained
in detail by combining electrochemical, microscopic,
and spectroscopic methods. The polishing quality has
increased due to the increment in nitrate concentration
and current density. 45% of the anode current used
to release oxygen. With the increase of the applied
potential, the valence of chromium dissolution
decreased to z= 3.5 [15].

The results of the literature review showed that
the corrosive properties of stainless steel have been
studied in detail, but its electrochemical properties
have not been fully explored. In our previous
research, the electrochemical dissolution behavior
of stainless steel was studied in the aqueous solution
of sulfuric, hydrochloric, and nitric acids [16, 17].
The research results revealed that in acidic media
a higher dissolution rate of stainless steel can be
reached out by using alternating current electrolysis
than direct current electrolysis. It was observed that
under alternating current optimal conditions the
current efficiency (CE) of stainless steel dissolution
in sulfuric, hydrochloric, and nitric acid aqueous
solution decreased accordingly: H.SOs > HCl >
HNO:s.

Methods and materials (Practical part)

Alternating current (AC) electrolysis was used
to study the electrochemical dissolution behavior of
a stainless steel electrode in an aqueous solution of
sodium chloride. All the experiments were performed
in an electrolyzer without separation of electrode
space. The stainless steel (12X18H10T) plate was
used as the working electrode and titanium wire was
used asanadditional electrode. Experiment procedure,
and techniques, also elemental composition of
stainless steel electrode are described in our previous
work [16]. The amount of Fe*+ and Cr*+ ions formed
as a result of electrolysis was determined by the
photocolorimetric method [18-19].
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The effect of current density, -electrolyte
concentration, electrolysis duration and AC
frequency on titanium, and stainless steel electrodes
on the electrochemical dissolution of stainless
steel was studied. The current efficiency (CE) of
the electrochemical dissolution of a stainless steel
electrode was calculated for the anode half-cycle of
alternating current.

Preliminary experiments have shown that when
two stainless steel electrodes are polarized with an
alternating current of 50 Hz, the main processes
do not take place. When the second stainless steel
was replaced by a titanium electrode, the current
efficiency was significantly higher. This is due
to the formation of an oxide layer (TiXOy) with
valve (semiconductor) properties at the additional
titanium electrode. The titanium electrode forms an
oxide layer of different compositions at different
current densities and simultaneously serves as an
auxiliary electrode and AC rectifier. As a result, the
anodic dissolution process of the alloy is intensified
[16-17, 20].

Results and discussion.

Under polarization of stainless steel electrode by
AC with a frequency of 50 Hz, the following reactions
can occur during the half-cycle of the anode:

Feo — 2e = Fe2+
Cro —3e=Cr3+

Eo=0.44V
Eo=0.744V

(1)
2

The chromium component of the alloy determines
the passive nature of the stainless steel. In our study,
a dark green layer was formed on the surface of the
stainless steel electrode. This reveals that a layer of
chromium oxide is formed on the electrode surface.
The formation of a passive layer of Cr*0Os prevents
further diffusion of oxygen to the surface. The
authors of the work [21] revealed that during the
oxidation of pure chromium electrode to Cr3+ ion in
NaCl solution, a thin dense oxide layer is formed at
the metal-electrolyte boundary:

2Cr +3H20 = Cr20s3 + 6H+ + 6e- 3)

It was noted that the formation and growth of
film occurs as a result of the migration of chromium
ions towards oxygen ions. The thickness of the oxide
layer generally remains approximately constant
during electrolysis, since its outer side is exposed to
the dissolving effect of the electrolyte by the reaction:

“4)

The electrochemical dissolution of stainless
steel was studied by pairing it with titanium under
alternating current polarization. When the current
density at the titanium electrode increased from 20
kA/m? to 120 kA/m?, the electrochemical dissolution
of stainless steel and the electrochemical formation of
Fe (II) and Cr (III) ions passed through the maximum

Cr203 + 6H+ =2Cr*+ + 3H20

(Figure 1). The growth in the value of CE with
increasing current density can be explained by the
increment in the valve properties of the oxide layers
formed at the surface of titanium electrode. The total
dissolution output of stainless steel at 80 kA/m?
current density of at the titanium electrode accounted
for 43.4%, for Fe (II) ions - more than 37%, and Cr
(III) ions — just fewer than 7%. Further increase in
the current density at the electrode reduced the CE of
stainless steel dissolution. This is due to the increase
in the rate of additional reactions with increasing
current density.
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Figure 1. The influence of current density on
titanium electrode on current efficiency of stainless
steel electrode polarized by alternating current (iSS=
800 A/m?, [NaCl] =1,0M, =0,5h.).

The effect of variation of the stainless steel
electrode current density on the dissolution of Fe-
Cr-based alloys was studied (Figure 2). At the
same time, the current density in titanium was kept
constant at 60 kA/m?. When increasing the current
density at the steel electrode from 200 A/m? to 1200
A/m?, the maximum current output rate of the alloy
was observed at 800 A/m> The experimental data
showed that the current efficiency of steel dissolution
with forming iron (II), chromium (III) ions increased
from 20% to 43%, and the value of CE decreased
with further increase in current density. At higher
current densities, due to the increase in the rate of
additional reactions, the values of the dissolution rate
of the alloy decreased.
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Figure 2. The influence of current density on
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stainless steel electrode on current efficiency of
alternating current polarized stainless steel electrode
(iTi= 60 kA/m?, [NaCl] = 1,0 M, =0,5 h.).

The effect of changes in the concentration of
sodium chloride was studied in the range of 0.5-3.0
M at a current density of stainless steel electrode -
800 A/m?, and titanium electrode - 60 kA/m?* (Figure
3). With an increase in the concentration of sodium
chloride solution to 2.0 M, an intensive dissolution
of the stainless steel electrode was observed.
The maximum current efficiency of the stainless
steel electrode dissolution reached — 57.28%, and
accounted for Fe (II) ions — 49.5%, Cr (III) ions -
7.78% respectively. With further increase in the
electrolyte concentration, the current efficiency is

reduced as salt passivation occurs

CE, %
60 +
50 +
40 +
- Cf3+
30 | - Fe'
—+— total
20
10 +
: ¢
0 - ; : ; ; ; t—[NaCI]. M
0,5 1.0 1.5 2,0 25 3.0

Figure 3. Influence of solution concentration on
current efficiency polarized by alternating current
stainless steel electrode dissolution (iSS = 800 A/

m2, iTi = 60 kA/m?, = 0,5 h.).

The electrochemical dissolution properties of an
AC polarized stainless steel electrode were studied
at the electrolyte temperature of 20-60°C (Figure
4). As the temperature of the solution increases, the
current output of Fe (II) and Cr (III) ions initially
increases and then gradually decreases. During the
electrolysis, it was shown that the current efficiency
of the stainless steel electrode at 30°C electrolyte
temperature exceeds 49%.
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Figure 4. Influence of solution temperature on
current efficiency on stainless steel electrode
dissolution polarized by alternating current
(iSS =800 A/m?, iTi = 60 kA/m?, [NaCl] =1,0 M,
=0,5h).

The influence of the alternating current frequency
on the electrochemical dissolution behavior of
stainless steel electrodes in the range of 50-250
Hz was studied (Figure 5). With an increase in the
current frequency, the dissolution current efficiency
of the stainless steel electrode decreases, and the
dissolution rate slows down at a frequency of 250 Hz.
The maximum current efficiency of stainless steel
was observed at 50 Hz AC. As the current frequency
increased, the current output value decreased up to
5.6%. High frequencies of the alternating current do
not provide an adjustable duration of the anodic half-
cycle for the oxidation reaction of iron and chromium
ions due to the frequent change of half-cycles of the
alternating current.
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Figure 5. The effect of alternating current frequency
on the current efficiency on of stainless steel
electrode dissolution by polarized alternating current
(iSS= 800 A/m?, iTi = 60 kA/m?, [NaCl] = 1,0 M,
=0,5h.).

Conclusion.

The electrochemical dissolution behavior
of stainless steel electrode polarized with 50 Hz
alternating current in sodium chloride solution of
was systematically studied. Research results revealed
that under the polarization of a pair of electrodes
“stainless steel — titanium” with alternating current,
the stainless steel is intensively dissolved with
the formation of iron (II) and chromium (III) ions.
The dependence of the electrolysis process on the
change in the current density on the stainless steel
and titanium electrodes, the concentration of sodium
chloride, the temperature of the electrolyte, and
the frequency of the alternating current have been
established. It was found that a change in the value
of the main electrochemical parameters significantly
affects the process of electrochemical dissolution of
the alloy. As a result of study the optimal conditions
of the alloy dissolution were established (iTi = 60
kA/m?, iS = 800 A/m?, [NaCl] =2.0 M, t =30, v =
50 Hz.). In the effective conditions of AC electrolysis
the current efficiency of SS dissolution constituted
43.5%, and for iron (II) and chromium (IIT) accounted
for 37% and 6.5% respectively.
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TOT BACIIAUTBIH BOJIATTBIH, HATPUI XJIOPUII EPITIHIICIHJIE CTALIITUOHAP/IbBI
EMEC TOKTAPMEH IOJIAPU3ALUAJIAY KE3IHAE EPYI

AnHoranus. Tor OacnaliTelH Oonar MEXaHUKAJBIK OEpIKTIri, BICTBIKKA TO3IMJLUIITr, KOPPO3USIIBIK
opTaJlapFa TYPaKThUIBIFbIHA OaiIaHBICTBI YJIKEH CYpaHbICKa We. YCBhIHBUIFaH Makajiana skuimiri 50 I'm
alfHpIMAJIBI TOKIIGH ToJspu3anusianFad ToT OacmaiteiH Oonar (12X18H10T) snekrponsiHbIH OerTapar
opragarsl (NaCl) 37eKTpOXUMUSIIBIK €py €PEKILEIiri 3epTTeareH. AJ/IbIH ajla )KYPri3reH TaKipuoe HoTHKecl
TOT OacnaiThiH 00IAT AMEKTPOABIHBIH eKeyiH xwuiiiri 50 't altHpIMabl TOKICH NOJsIpU3alusiIaFal/ia Herisri
YAEpiCTepAiH XYpMEHTIHIITTH KopceTTi. « ToT OacnmaiThiH O0JIaT — TUTAH» NEKTPOATAP KYOBIH aHBIMAIIBI
TOKIEH mnoJisipu3anusuiay O0apeickina KyiiManeiH Temip (II) xone xpom (III) moHmapbiH Ty3e KapKbIHIBI
EPUTIHAITT aHBIKTAIABI. BYJI TUTaH 3JeKTPOIBIHBIH OCTiHJIE TY3IITeH 9pTYPIIi KypaMIarbl OKCHJITI Ka0aTThIH
«BEHTWJIBJIIK» KacueTiHe OaimaHbIcThl. TUTaH jxoHE OOJAT IEKTPOATAPBIHIAFBI TOK THIFBI3IBIKTAPBIHBIH
MOHIH ©3repTy KyHMaHbIH 3JIEKTPOXUMHUSIIBIK epy IIpOIleciHe eneyitiacep eTTi. JKOFaphl TOK ThIFbI3IBIKTAPBIHIA
TUTAHHBIH TOK TY3CTKIIUTIK KACHETiHIH HallapiayblHa OaiJIaHBICThl KYWMaHBIH €py IKbUIIAMIBIFBI
TOMEHJICHTi. DIEKTPOIUT KOHILIEHTPALMSCHIH KOFapbhUIaTKAaHIA TY3[bl MACCHUBAIlMSl OPBIH allyblHa Opai
TOK OOWBIHINA IIBIFBEIMBI TOMeHaeAl. Tok xwuimirinig 50 ['m MoHiHIE TOT OacmalThiH OOJaT epyiHiH TOK
OOMBIHIIIA MAKCUMAII/IBI IIBIFEIMBI OalKasIbl. AWHBIMAJIBI TOK JKUITITiHIH )KOFAphI IaMAChIH/Ia TIEPUOATAP
KU1 ©3TePeTIH/IIKTeH, aHOATHIK KapThUIal MEePUOATa KYiMa KYPaMbIH/IaFbl TEMIp JKOHE XPOM HOHIAPBIHBIH
TOTBIFY YAEpICIHE KaKeT aHOATHIK JKapThUIAll TepHoj, Y3aKThIFbI KaMTaMachl3 €TIIMEHi. DIeKTPOIUT
TEMIIEpaTypachlH apTThIPFaHAa TOT OacmaThIH OOJIaT 3JEKTPOIBIHBIH 3JICKTPOXUMISUIBIK €pyiHIH TOK
OOMBIHIIA MIBIFBIMBI TOMEHACUTIHAITT OalKamIbpl. AWHBIMAJIBI TOKIICH MOJISIPH3AIMSUIAHFaH TOT OacraiThiH
0oyat ANEeKTPOABIHBIH OelTapan OpTajarbl 3JEKTPOXUMESUIBIK Py YPHICIHE HETI3ri 3JIeKTPOXUMHUSIIBIK
napamMeTpiepAiH dcepiepi 3epTTein, KyiiMa epyiHiH THiMai xaFaainapbl KanbmracTpbliabl (iT1 = 60kA/
M2, ib= 800A/m?, [NaCl] = 2.0 M, t=30, v=50 I'11.).

Tyiiin ce3aep: ToT OacnaifTbIH OOJIAT, TUTAH AIIEKTPOBI, AHBIMAIIBI TOK, IIEKTPOXUMUSIIBIK €PY, XPOM
(I1I) monmapel, Temip (I1) HOHAAPHI, TOK THIFBI3ABIFEL, TOK OOMBIHINA IIBIFBIM.

P.H. Hypauiiaesa', JK.F. Cayup6aii', A.b. Baemos?
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E-mail: raushan.nurdillayeva@ayu.edu.

PACTBOPEHME HEPXKXABEIOIIEN CTAJIU B PACTBOPE XJIOPHUJIA HATPUSI ITPA
HOJAPUSALINN HECTAHIMOHAPHBIMHU TOKAMU

AnHoTauus. Hepxaseromas cTaib Mojab3yeTcss OOJNBLIMM CIIPOCOM Onaroaapsi cBoeil MeXaHM4YeCKOH
MPOYHOCTH, >KAPOCTOMKOCTH, YCTOWYMBOCTH K KOPPO3MOHHBIM cpenaMm. B naHHO# craTbe mpuBeneHBI
Pe3yJIBTaThl UCCIEIOBaHUSI OCOOCHHOCTH AIEKTPOXUMUYECKOTO PACTBOPEHUS JIEKTPOJA U3 HEPKaBeIOLIEeH
cram (12X18H10T) npu nonspuzaunu nepeMeHHbIM TokoM yactoToit 50 'y B HelTpansHoit cpene (NaCl).
[IpeaBapurenbHble HKCIIEPUMEHTHI [TOKA3ald, YTO NPU MOJSPU3ALMU ABYX 3JICKTPOAOB M3 HEprKaBerolei
CTaJIi MIEPEMEHHBIM TOKOM ¢ yacTtoToid 50 I'y ocHOBHBIE Ipoliecchl He npoTekaroT. [Ipu nonspuzannu mapst
3NIEKTPOJOB «HEPXKABEIOLIas CTallb-TUTaH» IEPEMEHHBIM TOKOM YCTAHOBJIEHO, YTO CIUIAB MHTEHCHBHO
pactBopsiercs ¢ oopasoBanreM noHoB xkene3a (1) u xpoma (I11). 310 cBA3aHO ¢ «BEHTHIILHBIMUY CBOMCTBAMHU
OKCHJIHOTO CJIOS Pa3HOT'0 COCTaBa, 00pa3yIoLIerocs Ha MOBEPXHOCTH TUTAHOBOTO 3JIEKTPOAA. YCTaHOBIICHO,
YTO U3MEHEHHE 3HAUYCHHS TUIOTHOCTH TOKA THTAHOBOM H CTAJIbHOM JIEKTPO/IE CYILIECTBEHHO BIMSET Ha IIPOLIECC
NEKTPOXUMUYECKOTO PACTBOPEHHsI cIuiaBa. [Ipy BEICOKMX INIOTHOCTSIX TOKA CKOPOCTh PACTBOPEHUSI CILIaBa
CHIYKAETCSl M3-3a YXYALICHUS! TOKOKOPPEKTHPYIOIIMX CBOWCTB TWTaHA. [IpW yBenMUeHHHM KOHLEHTPAaLUU
3NIEKTPOJIMTA BBIXOJ MO TOKY CHHKAJICS T10 MEpPEe BOZHUKHOBEHHSI COJICBOM MaccuBaunu. Bricokoe 3HaueHHe
BBIXOZIa 110 TOKY pacTBOPEHMs Hep)KaBelollel cTainu HaOmrofanoch npu dactore Toka 50 I'm. Beicokme
YaCTOTHI IIEPEMEHHOI0 TOKa He 00eCIIeUnBaIOT HEOOXOJUMYIO MPOAOIKUTEIFHOCTh aHOJHOTO MOITyeproia
JUI. TIPOTEKaHWsl PEaKlUH OKHCJICHUS HMOHOB JKeJie3a M XpOMa M3-32 YacTOH CMEHBI IOJIYNEpUOAOB
MEPEMEHHOT0 TOKa. bbI10 0OHApyKEeHO, YTO BBIXOJ MO TOKY 3JIEKTPOXUMHUYECKOTO PAaCTBOPEHHS JIEKTPOA
13 HEPXKaBEIOLICH CTaJIM YMEHBIIACTCS C YBEIMUCHUEM TEMIIEpaTyphl dIeKTponuTa. McecnenoBano BiusHue
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OCHOBHBIX BJICKTPOXMMHYECKHUX IMapaMeTpOB Ha MPOLECC AEKTPOXMMUYECKOTO PACTBOPEHUS 3JIEKTPOna
13 HEP)KaBEIOIEH CTalu MpH MOJIIPU3ALUN NEPEMEHHBIM TOKOM B HEHTpaJIbHOW cpele, ¥ yCTAaHOBJICHBI
onTUMaJbHEIE ycioBus pacTBopeHus cruraBa (iTi = 60kA/M?, iC= 800A/m2, [NaCl] =2.0 M, t=30, v=50 I'rt.).

KiroueBble cj10Ba: HepKaBeroLas CTajlb, TATAHOBBIN AJIEKTPOA, IIEPEMEHHBIH TOK, IEKTPOXUMHUIECKOE
pactBopenue, noHbl Xpoma (I1I), monsr xenesa (1), MIOTHOCTH TOKA, BBIXO IO TOKY.
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CHEMICAL ACTIVATION OF THE SURFACE OF THE BURNT ROCK
BY VARIOUS MODIFIERS

Abstract. This article presents the results of experimental studies of the process of grafting humic acids
and their functional derivatives on modified and unmodified surfaces of burnt rock. It is shown that the
inoculation of humic acids on inorganic carriers is more successful with the preliminary activation of the
surface of burnt rocks.

The acidic and sorption properties of grafted surfaces of humic sorbents with respect to heavy metal ions
have been studied. It is shown that many of the modifying additives on the surface of the inorganic carrier can
increase these properties by 1.2-2.0 times in comparison with the original rock.

Surface modification was carried out by means of impregnation with water solutions of the modifier
and subsequent heat treatment; heating at boiling point in water solutions with subsequent heat treatment of
precipitation.

The interaction of modifiers with the surface occurs by the type of ion exchange for silanol or aluminol
groups with weak acidity. It is also possible to connect via hydrogen bonds or dipole-dipole and induction
interactions. It was found that the degree of grafting of humic compounds is significantly higher on the
activated surfaces of the burnt rock.

The content of the modifier on the surface of the carrier is 10-40%, depending on the experimental
conditions and the nature of the modifier. The most active modifiers are sodium phosphate and potassium
carbonate.

The kinetics of the interaction of the surface of the burnt rock with potassium carbonate of different

81




ISSN 2224-5286 Series chemistry and technology. 3. 2021

MA3MY¥HbI - COOEP KAHUE — CONTENTS

Anmnasos H.O., [lusposa b.M., bazap6aes b.M., Acbuibekkpise T., [xkuembaes B.K.
KYPIII KAJIIbIFBIMEH M¥YHAMU IIJIAMBIH BIPTE OHAEYIE BAWUJIAHBICTBIPYIIbI
KPAXMAJI HET'IBIHAE BPUKETTEJII'EH BEJICEHAIPIJITEH KOMIP AJIY....oooviiiiiiiiiieeeeeeeeeee, 6

Anarbekova Z.A., Baigazieva G.I.
THE INFLUENCE OF YEAST RACES ON THE AROMA-FORMING
SUBSTANCES OF TABLE WINES ... .ottt sttt ettt ettt et 12

Augaliev D.B., Erkibaeva M.K., Aidarova A.O., Tungatarova S.A., Baizhumanova T.S.
OXIDATIVE DIMERIZATION OF METHANE TO C2 HYDROCARBONS.......ccoviiiiieeeeeeeeeeeee 18

O0mioex A.O., Mynnadekora b.2K., SkuseBa M.A., UnastoBa M.A., O6im A. K.
¥HJIbl KOHJWUTEP ©HIPICIHJAE JOCTYPJII
EMEC IHUKIZATTAPABI KOJTAAHYABIH TUIMIJIITL.......cooiviiiiiiie e 24

Hcaesa H.A, Bbatirasuesa I'.11.
KAHT AJIMACTBIPTBIII — CTEBUS [STEVIA REBAUDIANA BERTONI
(L.)] KOCBUIFAH CYBIK KAPA AW OHIIPICH........cccviiiiiiiiieeieeeee et 31

Ikhsanov Y.S., Kusainova K.M., Tasmagambetova G.Y., Andasova N.T., Litvinenko Y.A.
AMINO ACID, FATTY ACID AND VITAMIN COMPOSITION OF ROSA CANINA L......cccoceeeveveeennee. 39

Jalmakhanbetova R.1., Suleimen Ye.M., Kasenov B.K.

CALCULATE THE STANDARD ENTHALPIES OF COMBUSTION,

FORMATION AND MELTING OF THE COMPLEX ROSEOFUNGIN

WITH a-, B- and y-CYCLODEXTRIN.......cooiiiiiiiieiieeie ettt sttt sttt steesaeessaesneesneesseeneeans 44

Kairbekov Zh.K., Jeldybayeva I.M., Abilmazhinova D.Z., Suimbayeva S.M.
PHYSICOCHEMICAL AND ANTIOXIDANT PROPERTIES OF HUMIC
ACIDS OF LOW-MINERALIZED PELOIDS OF THE TUZKOL DEPOSIT........cccooiiiniiiiniinieieenee 48

Mamyrbekova Aizhan, Mamyrbekova Aigul, Kassymova M K., Aitbayeva A.Zh., Chechina O.N.
STUDY OF KINETICS OF COPPER OXIDATION BY ELECTROLYSIS
UND NON-STATIONARY CONDITIONS . ...ttt sttt 54

Madet G., Bayazitova M.M.
RESEARCH OF MALTING PROPERTIES OF KAZAKHSTAN
TRITIKALE GRAIN VARIETIES FOR USE IN THE BEVERAGE INDUSTRY.......ccccocerireiinininiiennns 59

Mussina A.S., Baitasheva G.U., Myrzakhmetova N.O., Tagabergenova Zh.A., Gorbulicheva E.P.
EVELOPMENT OF THE CONDITIONS FOR STORING THALLIUM AMALGAM.........ccccovvevvieeeenee. 65

Naguman P.N., Zhorabek A.A., Amanzholova A.S., Kulakov I.V., Rakhimbaeva A.N.
PHYTONCIDES IN THE COMPOSITION OF COMMON BIRD CHERRY..........cooooviiiiiiiiecieeeeee e 70

Nurdillayeva R.N., Sauirbay Zh.G., Bayeshov A.B.
DISSOLUTION OF STAINLESS STEEL IN SODIUM CHLORIDE
SOLUTION AT POLARIZATION BY NON-STATIONARY CURRENT........ccccectriiiininirieieneneeeee 75

Rakhimberlinova Zh.B., Kulakov I.V., Alimzhanova A.Zh.,

Mussirepov M.M., Nakypbekova N.E.

CHEMICAL ACTIVATION OF THE SURFACE

OF THE BURNT ROCK BY VARIOUS MODIFIERS........cootiiitiiiieeee et et 81

Rasulov S.R., Mustafayeva G.R.
DEVELOPMENT OF EFFECTIVE CATALYSTS FOR PROCESSING
C3-C4 HYDROCARBONS ...ttt ettt ettt ettt sttt sb e et e b b e 87




N E W S of the Academy of Sciences of the Republic of Kazakhstan

Tyan A., Bayazitova M.M.
SELECTION OF THE MASHING MODE IN THE
PREPARATION OF BEER WORT BY USING THE WHEAT MALT.....cc.cccoeiiiiiiinieenenieee e 94

Vysotskaya N.A., Kabylbekova B. N., Spabekova R.S., Asylbekova D.D., Lukin E.G.
SOME FEATURES OF ELECTRODEPOSITION OF
METALS FROM ELECTROLYTES WITH SURFACTANTS.....c.ooitiiiieienieteeteeeeee e 99

Yermagambet B.T., Kazankapova M.K., Nauryzbayeva A.T., Kassenova Zh.M.
SYNTHESIS OF CARBON NANOFIBERS BASED ON HUMIC ACID
AND POLYACRYONITRILE BY ELECTROSPINNING METHOD

112



ISSN 2224-5286 Series chemistry and technology. 3. 2021

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see http://www.
elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics. Submission of an article
to the National Academy of Sciences of the Republic of Kazakhstan implies that the described work has not
been published previously (except in the form of an abstract or as part of a published lecture or academic thesis
or as an electronic preprint, see http://www.elsevier.com/postingpolicy), that it is not under consideration for
publication elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere in the
same form, in English or in any other language, including electronically without the written consent of the
copyrightholder. In particular, translations into English of papers already published in another language are
not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE), and
follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://publicationethics.org/
files/u2/New_Code.pdf). To verify originality, your article may be checked by the Cross Check originality
detection service http://www.elsevier.com/editors/plagdetect. The authors are obliged to participate in peer
review process and be ready to provide corrections, clarifications, retractions and apologies when needed. All
authors of a paper should have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works which
are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen in such a
way that there is no conflict of interests with respect to the research, the authors and/or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote publication
of corrections, clarifications, retractions and apologies when needed. The acceptance of a paper automatically
implies the copyright transfer to the National Academy of Sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor and
safeguard publishing ethics.

[IpaBuna opopmiIeHHS CTATbU IS MTyOIUKALUU
B JKypHAaJIe CMOTPETh Ha CAlTe:

www:nauka-nanrk.kz
http://chemistry-technology.kz/index.php/en/arhiv
ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Penaxroper: M.C. Axmemosa, PJK. Mpzabaesa, /[.C. Anenos
Bepcrka Ha komnbiotepe B.C. 3ukupbaesa

IToanucano B neyats 12.06. 2021.
®dopmar 60x881/8. bymara odcernas. [leuars — pusorpad.
10,2 m.a. Tupax 300. 3aka3 3.

Hayuonanvnas akademus nayk PK
050010, Anmamet, ya. Lleguenxo, 28, m. 272-13-18, 272-13-19

113




	13. 75-81_removed
	журнал химия редколлегия

	Мазмұны
	1. 6-12_removed (1)

