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CORROSION OF CARBON STEEL ST3 UNDER EXPLOITATION OF HYDRO-
TECHNICAL UTILITIES BUILTS ON THE KURA AND ARAS RIVERS

H.M.Tahirlyl, S.Ch.Verdievl, K.F.Bakhshaliyeva 2, Academician of ANAS D.B.Taghiyev1

There was studied a corrosion of carbon steel St 3 under field conditions of the exploitation
of hydrotechnical utilities on the Kura and Aras rivers. Afterlong-term (12 months) experiments we
obtained the data confirming that steel corrosion in waters of these rivers occurs by electrochemi-
cal mechanism and has cyclic character, that is to say depending on the seasons either increases or
decreases. Maximum rate of corrosion under atmospheric conditionsis observed in winter. Such

dependence is also observed in aqueous sphere.

Keywords: hydrotechnical utilities, corrosion of carbon steel, polarization curves, oxygen and

microbiological corrosion

Hydrotechnical utilities are one of the
most metal-consuming fields of national econ-
omy. The great role of these utilities in econom-
ics of our country is well-known and does not
raise doubts. It is enough to remember well-
known Oil Rocks, modern oil platforms on Cas-
pian Sea, Mingachevir Hydro Power Plant and
other hydrotechnical utilities of different pur-
pose. The main construction materials when
building above mentioned utilities are simple
carbon steel and iron concrete which are widely
used in construction of such objects. Carbon
steel is alloy of iron with carbon and thermody-
namically unstable in aqueous medium and is
exposed to intensive corrosion.As a result of loss
of construction the properties of these materials
corrosion and due to corrosion accidents may
occur, which will lead to catastrophic economic
consequences and human losses [1].In our re-
public systematic studies on corrosive state of
marine utilities have been performed by
V.F.Negreev and his employees [2]. According
to our data, at present such studies are performed
in organic scale, materials on study of corrosive
state of hydrotechnical utilities in fresh water are
absent. We tried to study corrosive state of metal
constructions of some hydrotechnical utilities on
the Kura and Araz rivers. For this purpose we
chose Bakhramtepe hydropower installation in
Imishly region, the Upper Shirvan water channel
near village Khanabad and tail-bay of Min-
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gachevir Resevoir. Samples for long-term (12
months) of corrosion experiments were cut out
(120 pieces) from one of rolled steel plate St 3
with sizes 80x25x3mm. They were first me-
chanically polished to a mirror finish, degreased
with ethyl alcohol and then attached to a special
steel frame by capronic grove. These frames
with steel samples were sunk into water in above
mentioned areas, but similar frames were hung
on water surface at a height of 3-4 m with corro-
sion rate under atmospheric conditions. Corro-
sion rate of steel was measured gravimetrically
by the well-known technique. Samples from cor-
rosion medium were extracted first after 1, 3, 7,
10, 20, 30 days, then periodically after 30 days.
First products of corrosion in inhibitor acid were
removed from extracted samples, washed off
with distilled water, dried and then corrosion
rate was calculated by known formula

K =(Am)/Set 1)

where K-rate, corrosion g/m’hour, A m loss of
weight in a time t, S-sample square in m’.

Besides gravimetrical measurements for
determination of corrosion rate we used electro-
chemical method — recording polarization curves
which allow us to define corrosion rate of metal
in current units (A/cm?).

Polarization measurements were perfor-
med in three electrode cell with potentiostat
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IVIUM stat, which provides changing electrode
potential in wide region with necessary rate. As a
comparis on electrode we used silver-chloride
electrode of comparison, but as an auxiliary elec-
trode we used platinum wire. In fig.1 we gave
dependence of corrosion rate of steel Kontest
time under the atmosphere. It should be noted that
corrosion tests were begun in July and August.
As figure shows,in all curves we observed maxi-
mums of corrosion rate and all of them conform
to winter months, higher corrosion rates occur
relatively at lower temperatures. No matter how
paradoxical it was, from chemical kinetics point
of view this can be explained.
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Fig. 1. Dependence of corrosion rate St 3 on testing time
in the atmosphere of water resevoirs
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Fig. 2. Dependence of corrosion rate St 3 on testing time
in an atmosphere of water medium in different reservoirs
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It is well-known that pressure of saturated
steam on water depends on the temperature of
environment.

At high temperatures evaporation rate in-
creases, but in open space condensation rate de-
creases, and water steam fails to accumulate on
the surface of steel.

Under our conditions corrosion goes exclu-
sively with water and oxygen and at the enough
humidity of air, which in its turn depends on tem-
perature, on surface of meal, thin layers of water
accumulate and through these layers oxygen dif-
fuse on surface of steel is restored cathodically by
the following reaction [ 3 ].

1/20,+H,0+2¢ 20H" 2)

Then adsorbed hydroxyl ions enter the re-
action with iron atoms of crystalline cell and
form FeOH by the reaction

Fe+OH —FeOH(ads)+e 3)
FeOH(ads)—FeOH +¢” 4)
FeOH —Fe* +OH (5)

As seen from these equations, corrosion of
steel proceeds in multi-stage process and products
of cathodic reduction of oxygen of OH’ions play
the main role in this case. Thus, at temperatures
lower than dew point, the increase of atmospheric
corrosion rateis due to accumulation on surface of
thin layer of wet, which facilitates corrosion proc-
ess. Absolute values of corrosion rates of steel in
fig. 1 depend on temperature of water, location of
samples, direction and power of wind, preliminary
processing of steel samples and so on. At high
temperature so fair corrosion rate sharply de-
creases and reaching its limiting value stabilize
and are not changed in time. On the basis of ob-
tained data we may suppose that such behavior of
steel samples under atmospheric conditions has
periodical character and in spring and summer cor-
rosion rate decreases, but in winter and autumn it
increases. Unlike laboratorial tests corrosion tests
under field conditions are characterized with the
fact that terms of experiments periodically change
and in this case it is impossible to control tempera-
ture, concentration of water sphere, water flow
rate, but dependence of rate of corrosion steel
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on time in aqueous medium follow conven-
tional laws. Though in all reservoirs dynamics of
corrosion is different, but as fig. 2 shows steel cor-
rosion in all cases decreases in time and after a cer-
tain period stabilizes. In this case on curve at the
atmospheric conditions we observed maximums,
but these maximums are less well-pronounced. In
this case maximums appear in winter. Perhaps,
these maximums are quite regular, but not acciden-
tal. First of all in all three reservoirs increase of
corrosion rate is observed with the decrease of
temperature of gas dissolution, as well as oxygen
in water increases. At a lower temperature from
20° C to 5° C dissolution of oxygen in water in-
creases nearly 1,5 time. In neutral solutions corro-
sion rate is defined by reduction rate of oxygen
according to the following equation[ 3 |:

0= _i02:4FD(C02/ 5), (6)

where ix-corrosion rate, i, -rate of diffusive

limiting current of oxygen reduction, F-Faraday
constant, D- diffusion coefficient, C%,- concen-
tration of oxygen in electrolyte, o -thickness of
diffusion layer. The symbol minus indicates that

ix- is proportional to negative cathodic current of
reduction of oxygen. From equation (6) it fol-
lows that corrosion rate i depends on concentra-
tion of dissolved oxygen. Values D and 6 are also
functions of temperature [ 4 ]. This dependence is
complexive and in our case we cannot expect the
direct proportionality between rate of steel cor-
rosion and concentration of oxygen. Further, we
think that some increase of corrosion rate of
steel in winter is an established fact. Distortion
of proportionality between i and C’, can be
also related to the formation of different types of
depositions on the surface of steel samples. The
samples in fig. 3 were sunk into water in tail bay
of Mingachevir reservoir.

Huge amount of depositions of plant origin
relating to different kind of seaweeds are clearly
seen. It should be noted that green seaweeds on
surface of samples were formed for a short period,
but pale seaweeds were found only after four
months in November. To determine origin and
biological kind of these depositions they were
studied for discovering aerobic saprophytic micro-
organisms and anaerobic sulfur-reducing bacteria.

Fig. 3.State of surface of steel samples tested in Mingachevir reservoir:
a- initial; b- after 4 months; c- after 11 months
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Table

The number of microorganisms detected in water and scrape from metallic samples after exposure
in the area of Mingachevir dam in the autumn period

Microorganisms kl/ml
Samples Saprophytic bacteria Sulfur-reducing bacteria
Water 10° 10°
Scrape 10° 10

Igi, (i, A/cm?)

-1.0 05

0.0 05

Fig. 4. Polarization curves of steel St 3 in: 1 - 3% NaCl and in river waters; 2 — Kura; 3 — Aras

The results of analysis are shown in table.
As seen from the table, the number of saprophytic
microorganisms in 1 ml water reaches 10°, but
the number of sulfur-reducing bacteria does not
exceed 10°. In scrape of metal samples the num-
ber of saprophytic microorganisms considerably
decreases and makes 10°. Number of sulfur-
reducing bacteria increases up to 107, due to the
fact that aerobic seaweeds intensively absorb
oxygen and form favorable conditions for devel-
opment of anaerobic sulfur-reducing bacteria [5].
As a result, from one hand green seaweeds absorb
oxygen and reduce “oxygen corrosion” of metal,
from the other hand sulfur-reducing bacteria which
develop under these conditions release hydrogen
sulfide and facilitates pitting corrosion of steel.
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Consequently, activity of corrosive proc-
esses on studied area also depends on intensity
of development of seaweeds. Perhaps, develop-
ment of seaweeds in Mingachevir dam has cy-
clic character, in favorable conditions they de-
velop, then die and this cycle continues, and cor-
rosion processes also have cyclic character and
depend on temperature and concentration of oxy-
gen, corrosion rate periodically increases or de-
creases. As we noted together with gravimetri-
cal measurements we performed polarization
measurements for determination of corrosion of
reservoirs.

These results were performed in fig.4. For
comparison in figure we gave cathodic and
anodic curves of steel in 3% solution NaCl.
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As seen in fig. 4 in salty solution both cur-
ves are mixed to negative direction of potentials
and values of current density are considerably
higher (by order and more),than curves taken in
river waters. Comparison of curves 2 and 3 shows
that in the Aras river water values of anodic cur-
rent are higher than in the Kura waters, which is
more mineralized than other rivers of Azerbaijan
Republic. It should be noted that water samples
for electrochemical measurements were taken near
pressure-water pipes from reservoir, where corro-
sive-aggressive ions of CI'and SO4”and partially
HCOj" deposit together with solid particles of col-
loidal solution. This is confirmed by the analysis
of water in which amount of SO,”in Aras waters
is 4,9-5 times higher than in waters taken from
Mingachevir reservoir, but amount of CI ions is
nearly 6 times higher [ 6 ]. Perhaps, certainly this
was there as on for higher anodic currents in the
Aras waters. Consequently, the higher concentra-
tion of these ions in water is the higher dissolu-
tion rate of steel in these media. Thus, as follows
from above mentioned data, corrosion rate of steel
in river waters and atmosphere of the serivers pe-
riodically changes depending on temperature of
water, its chemical composition and other physi-
cal-chemical and microbiological factors of wa-
ter. It should be noted that in the frame work of
this project it is impossible to determine which
parameter is the main determining factor of cor-
rosion rate of steel in the river waters. For this
purpose it is necessary to perform systematic stud-
ies on the effect of physical-chemical and microbi-
ological factors on metal corrosion not only in the
Kura and Aras rivers, but also in waters of other
reservoirs on which hydrotechnical utilities have
been built. In particular, it is necessary to organize
all year round observation on change of tempera-
ture, chemical composition of main rivers of Azer-
baijan Republic in indicated areas.
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It is also important to study the effect of
different factors (frequencies of electromagnetic
radiations, temperature, values of cathodic cur-
rent and others) on dynamics of development of
seaweeds and microorganisms. According to our
information such studies either were not per-
formed or these studies are few and are not ar-
ranged systematically. Periodical investigations
on determination of dissolved oxygen in water
should be performed. Due to the separameters
these parameters we may create mathematical
model of corrosion processes in river waters of
Azerbaijan Republic. Only after this the reliable
protection of hydrotechnical utilities from corro-
sion effect of waters can be organize.

The present work was performed under
the financial support of Science Development
Foundation under the President of the Republic
of Azerbaijan. Grant Ne EIF /MGM / Indus-
try—2014-4(19)-06/03/4
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CT 3 CESIDLI KARBONLU POLADIN 1_<I"JR VO ARAZ CAYLARI UZORINDOKI HIDROTEXNIKI
QURGULARIN iSTISMAR SORAITINDO KORROZIiYASI

H.M.Tahirli, S.C.Verdiyev, K.F.Baxsoliyeva, D.B.Tagiyev

Kiir vo Araz gaylari iizorindoki hidrotexniki qurgularin istismar1 soraitinds Cr 3 cesidli poladin korroziyasmin bazi
ganunauygunluglari tadqiq olunmugdur. Uzunmiiddstli (12 ay) sinaqglar naticasinds malum olmusdur ki, geyd olunan su
hovzalorinds poladin korroziyasi elektrokimyavi mexanizm {izra bag verir vo dovri xarakter dastyir, yoni ilin faslindon asilt
olaraq, ya artir, ya da azalir. Atmosfer soraitinde maksimum korroziya siirati qis aylarinda miisahide olunur. Uygun asililiq
su mithitindas do bas verir, lakin bu halda miisahids olunan maksimumlar o gadar do qabariq ifads olunmur.

Acar sozlar: hidrotexniki qurgular, korroziya, karbonlu poladlar, polyarlasma ayrilori, oksigen va mikrobioloji
korroziya

KOPPO3US YIJIEPOJIUCTOM CTAJIM MAPKH CT 3 B YCJIOBUSIX
IKCIIYATAOIUU TMAPOTEXHUYECKHUX COOPYXEHNU, BO3BEJAEHHBIX
HA PEKAX KYPA U APAKC

I'.M.Tarupiu, C.U.Bepaues, K.®.baxmamauesa, /I.b.Tarues

brina uccnenoBana kopposust yriepoauctor cranu Mmapku Ct 3 B HATYpHBIX YCIOBUAX DKCIUTyaTallMK TUAPOTEX-
HUYECKUX coopyxeHni Ha pekax Kypa m Apakc. Ilocne mnurenbHBIX (12 MecsIeB) WCIBITAHUIN MTONYYCHEI JaHHBIC,
CBUJIETEJICTBYIOLIME O TOM, YTO KOPPO3Us CTAIIM B YKa3aHHBIX BOJAX MPOTEKAET MO DJIEKTPOXUMHUUECKOMY MEXAHU3MY,
U UMEET UMKIMYECKUM Xapakrep, TO €CTh, B 3aBUCUMOCTU OT BPEMEHM I0/ia WM YBEIUYUBAETCS WIM YMEHBIIAETCS.
MaxkcumainbHasi CKOPOCTh KOPPO3UU B aTMOCGHEPHBIX YCIIOBHUSX HAOIMIOMACTCS B 3UMHHE TEpHOMABI. Takas ke 3aBHUCH-
MOCTBH FIMEETCSI I B BOIIHOH cpeJie, HO B MCHEE SIPKO BEIPaKCHHOU (hopMe.

Knroueguie cnosa: 2uopomexnuieckue coopydicenus, KOpposus, y2nepooucmule Cmaau, NOIAPUAYUOHHbIE KPUGLIe,
KUCTIOPOOHAS: U MUKPOOUOIOSUYECKASL KOPPO3US
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