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BLACKCURRANT (RIBES NIGRUM) FROM WESTERN KAZAKHSTAN — A NOVEL NATURAL
ECO-FREINDLY CORROSION INHIBITOR OF CARBON STEEL

Annotation: In the current study, weight loss measurements and electrochemical methods were used
to examine the inhibitory characteristics of the aqueous extract of Ribes nigrum leaves on the corrosion of
carbon steel in hydrochloric acid medium. It has been determined that in 1.0 mol-dm= HCI, the inhibition
efficiency of the extract can reach up to 92,66%. Metal protection ability was found to increase with increasing
inhibitor concentration. It was observed that high inhibition efficiency is a result of spontaneous physisorption
of the inhibitor (AG%ps > -20 kJ-mol?t) on the carbon steel surface directly obeys the Langmuir absorption
model. The polarization curves analysis revealed the mixed-type inhibition behavior of the studied extract with
the highest inhibition efficiency achieved at inhibitor concentration of 2.0 g-dm=3. The electrochemical and
gravimetric data were found in great agreement. The assumption that the inhibitory effect of the extract is
caused by the adsorption of phenolic compounds was made by the performing of UV-vis spectrophotometric
analysis of the corrosive medium before and after the immersion of the carbon steel specimen. Aqueous
extract of the R. nigrum leaves was proposed as a low-cost, environmentally friendly and effective corrosion
inhibitor.

Key words: Ribes nigrum; plant extracts; leaves aqueous extract; inhibition efficiency; «green»
inhibitors; metal protection.

Introduction

The chemical or electrochemical process that occurs when metals or alloys come into the
contact with a chemically aggressive environment is commonly referred as corrosion. The metallic
material is frequently destroyed during the corrosion process and its properties are also rapidly
deteriorate [1]. To prevent corrosion damage of metals various methods are used, including
electroplating, alloying, cathodic and anodic protection, laser treatment and the use of inhibitors [2].

Inhibitors of corrosion can be classified as either organic or inorganic. However, the majority
of them are not «green» or environmentally friendly [3]. On the other hand, it is commonly known
that organic compounds bearing N, S, and O heteroatoms in spite of their strong inhibition efficiency
are not only expensive but also harmful to humans and animals. Therefore, there is no need to
overstate the significance of corrosion inhibitors that are readily available, low-cost, and eco-friendly

[4].

Plants are considered as the most perspective source of «green» inhibitors [5]. Throughout
history, people have used plants to meet their needs for clothing, food, shelter, fertilizer, and
medicine [6]. Nonetheless, the first application of plant extracts in H.SO. pickling baths occurred in
the 1930s. This time frame may be seen as the start of their application as natural products for metal
protection [7].

Plants are abundant sources of natural organic compounds, such as phenolics, flavonoids,
alkaloids etc. These compounds have a high ability to sorb onto metallic surface and thus they can
shield various metals and alloys from the damaging impacts of diverse corrosion media [8]. For this
purpose, it is possible to successfully use both whole plants and parts of the plants [9]. Plant extracts
are now considered as the most essential eco-friendly, affordable, and renewable sources for
successful anti-corrosion applications [10].
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The West Kazakhstan region (WKR) has more than 1500 plant species, which belong to more
than 700 families. This biodiversity offers unique opportunities in the various «green» technology
fields include development of antioxidants [11], protection of human skin against solar radiation [12]
and prevention of metals against corrosion [13].

Blackcurrant (Ribes nigrum) is a small deciduous shrub 1 - 2 m tall belonging to
Grossulariaceae family (Fig. 1). Being widely available for study and usage, it is among the most
prevalent plants in the WKR.

A B
Figure 1 — Blackcurrant (Ribes nigrum), (fam. Grossulariaceae): whole plant (A) and leaves (B)

Among the 150 species of shrubs from the genus Ribes R. nigrum berries are differ with the
wide range of bioactive components, phytonutrients, and antioxidants. These berries contain high
levels of beneficial plant compounds like anthocyanins, along with vitamins A, C, and E, essential
fatty acids, omega-6 fatty acids, and gamma-linolenic acid [14-16]. Delphinidin-3-rutinoside,
cyanidin-3-glucoside, and delphinidin-3-rutinoside are the primary anthocyanins was also found in
R. nigrum [17]. Ascorbic acid plays a key role as a phytocomponent in enhancing the potent
antioxidant properties found in blackcurrant [18]. It was earlier been reported that vitamin C level of
R. nigrum is up to 50 times higher than in apples and 3.4-7 times higher than in oranges [19]. The
R. nigrum seeds may be used to extract oil, which is often used in cosmetics [20] because they are
a great source of gamma-linolenic acid, or omega-6 fatty acids [21].

Blackcurrants' beneficial properties are able to reduce the risk of a number of serious diseases,
including postmenopausal osteoporosis and glaucoma [22, 23]. In addition, compared to other fruits
and berries, R. nigrum is low in calories and salt but contains significant amounts of Ca, K, Mg etc
[24].

In this work we turn our attention to the ability of aqueous extracts of R. nigrum leaves to
prevent corrosion on carbon steel. The choice of leaves is based on the fact that they typically contain
higher concentrations of active phytochemicals such as polyphenols, flavonoids and alkaloids, which
can act as effective corrosion inhibitors [25]. In addition, the extraction of active components from
leaves is generally easier and more efficient [26], and harvesting the leaves is significantly less
harmful to the plant than harvesting roots or stems [27], allowing continuous use of the plant without
killing it, making the process more environmentally friendly. Inhibition efficiency, thermodynamics,
kinetics, and absorption behavior of obtained inhibitor was the focus of our investigation. Gravimetric
and electrochemical techniques were used for this purpose.

Materials and methods

Reagents and solvents. All of the reagents were used without additional purification and are
of analytical grade. The extraction and preparation of the corrosion media were performed with
double-distilled water (DDW) obtained from glass distillation apparatus.

Plant collection. The fresh plants were gathered away from roads and industrial structures in
the suburbs of Uralsk, in their natural habitat. The World Flora Online database [28] and the
herbarium of M. Utemisov West Kazakhstan University's Faculty of Natural Sciences both provided
confirmation of the plant species. The plants were thoroughly cleaned with tap water and twice
washed with DDW followed by the drying in a shaded area on air for two weeks. The samples were
then ground into a fine powder, sieved through a 1.0 mm, and stored at 4°C.

Preparation of the extract. 10 g of ground-up, dried plant material was transferred into a 250
ml Erlenmeyer flask, and extracted 3 times in a water bath with 100 ml of DDW at 60°C for 8 hours.
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The temperature was maintained using a TW-2.02 water thermostat with an accuracy of £0.1°C. The
extracts were then combined and evaporated. After being dried to constant weight at 50°C extracts
were kept in dark, sealed vials at 4°C until further use for anti-corrosion tests.

Sample preparation. Carbon steel specimens with composition of (wt. %) 97,8 — Fe; 0,22 —
C; 0,65 — Mn; 0,30 — Si; 0,04 - P; 0,05 -S; 0,30 — Cr; 0,30 — Ni; 0,30 — Cu; 0,01 — N; 0,08 and
dimensions of 25,0 x 35,0 x 3,0 mm were obtained from industry and used for corrosion tests. Prior
to the experiment specimens were sequentially polished with emery paper ranging in grit numbers
from 250 to 1200. Then, after being washed in running water and DDW from oxides and dust, the
abraded specimens were cleaned and degreased using ethanol and acetone. Prepared specimens
were stored in a desiccator over silica gel until the following corrosion experiments.

Weight loss (gravimetric) method

The corrosion rate (CR), degree of surface coverage (8), and inhibition efficiency (IE) were
assessed through the weight loss experiments. Each specimen was submerged in an open-air
beaker filled with 100 ml of room-temperature corrosion medium. Specimens were removed from
the beaker after the immersion period and cleaned with soft brush under running water, DDW, and
thereafter, in a solution containing 50% NaOH and 100 g of zinc dust [29] to eliminate any remaining
corrosion product residues. Before reweighting, the specimens were again washed under running
water, DDW, rinsed in ethanol, acetone, and dried. The Ohaus Adventurer Pro AV264 analytical
balance, with an accuracy of £0.1mg, was used for all weight measurements.

Equations 1-3 were used to calculate the corrosion rate (CR g-m2-h1), inhibition efficiency
(IE%), and degree of surface coverage (0) respectively:

CR(g-m?-hty=2m (1)
St
IE(%) = CR=CR 100 (2)
IE (%)
0=——-
100 3

where Am — is the weight loss of the carbon steel specimen (g) after the immersion time (h),
CRo — the corrosion rate of carbon steel without inhibitor, CR; — the corrosion rate of carbon steel
with the addition of the inhibitor.
Absorption and thermodynamics. The Langmuir adsorption isotherms were used to
describe the adsorption mechanism of the inhibitor on the carbon steel surface [30]:
Cinh _ 1 4
6 K +C|nh ( )

where Cinn is the concentration of the inhibitor, 8 is the degree of surface coverage, and Kaps is
the absorption-desorption process equilibrium constant. The intercepts of the isotherms provided the
values of the absorption equilibrium constants (Kas). Equation 5 represents the relationship between
the absorption equilibrium constant and the Gibbs free energy:

AGS . =—RT In(55.5K_, ) (5)

abs

where AG%s is the Gibbs free energy of absorption, R is the universal gas constant (8.314
J-K1-mol?), T is the system’s thermodynamic temperature, and 55.5 is the molar concentration of
water mol-dm3,

Electrochemical measurement. The same pretreatment was applied to the steel specimens
for the electrochemical experiment as for the weight loss test. The Autolab PGSTAT 101 Metrohm
potentiostat/galvanostat, equipped with the NOVA 2.1.6 software, was used for the electrochemical
test. Three-electrode setup was used to electrochemical measurements: reference electrode
(Ag/AgClI filled with 3.0 mol-dm= KCI), counter electrode (platinum), and working electrode (steel
specimen). A beaker containing 100 ml of 1.0 mol-dm=2HCI, both with and without inhibitor, served
as the electrochemical cell. The working electrode, with an exposed area 0,82 cm? was stabilized
during open circuit potential (OCP) testing. The linear sweep voltammetry (LSV) staircase and
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corrosion rate analysis were used to perform linear polarization measurements right after the OCP.
Potentiodynamic scanning was performed with a step voltage of 0.01V and a scan rate of 0.01 V/s
between -0.50 and +0.50 V. From the Tafel polarization curves, the corrosion potential (Ecor) and
corrosion current density (jcor) Were established.

Equation 6 was used to obtain the inhibition efficiency (IE%) through the corrosion current [31]:

IE, (%) = 2m L 100 ©)

Iinh

where iinn and icor are the corrosion current densities determined by extrapolating the Tafel
slopes with and without inhibitors respectively, A-cm.
Using the equation (7), the inhibition efficiency through the polarization resistance (IEr%) was
determined [32]:
inh 0
IE; (%) = % -100 (7)

p

where R,™ and R,° represent the charge transfer resistance with and without inhibitor
respectively, Q.
The experimental results are given as the average of three independent determinations (n =
3) + standard deviation (SD) with a = 0.95.
Results and discussion
Weight loss assay.
The inhibitory effect of the aqueous extract of R. nigrum leaves was examined for the typical
corrosion media including the model medium recommended by the National Association of Corrosion
Engineers (NACE) of USA [33]. Screening results are shown in Table 1.

Table 1 — Inhibition efficiency (IE%) of the aqueous extract of R. nigrum leaves against
corrosion of carbon steel in typical corrosion media at the inhibitor concentration of 1.0 g-dm= at
room temperature

Corrosion CR, g'm?h
Entry | " edia Concentration Blank | With inhibitor o IE, %
1 1,0 mol-dm?3 2.62 121 05393 | 53.93 +4.93
2| CHsCOOH 0.5 mol-dm? 1.44 0.87 0.3939 | 39.39 + 2.58
3 0.1 mol-dm? 1.65 1.07 0.3530 | 35.30  2.88
4 1.0 mol-dm?3 24,23 5.39 0.7773 | 77.73 £ 4.19
5 H2SO4 0.5 mol-dm? 5.11 2.45 05197 | 51.97 £ 4.01
6 0.1 mol-dm? 9.42 5.06 0.4629 | 46,29  2.05
7 1.0 mol-dm?3 3.68 2.26 0.3857 | 38,57%3.03
8 HNO3 0.5 mol-dm? 36,66 23.14 0.3687 | 36,87 £ 2.51
9 0.1 mol-dm? 15.86 11,12 0.2990 | 29.90 £ 2.12
10 1.0 mol-dm?3 3.50 115 0.6704 | 67.04 + 3.26
11 HsPO4 0.5 mol-dm? 6.81 2.31 0.6605 | 66,05+ 411
12 0.1 mol-dm? 4.05 2.38 04113 | 41.13  3.56
13 1.0 mol-dm? 5.72 0.68 0.9048 | 88.06  4.85
14 HCl 0.5 mol-dm? 3.87 0.56 0.8543 | 8543 +4.73
15 0.1 mol-dm? 4.16 0.65 0.8428 | 84.28 + 5,06
NACE NaCl 5,0 g-dm=3 +
16 | pedim | CHGOON Go8 b | 039 035 05229 | 52,29 + 3,48
17 NaCl 3.0% 0.46 0.22 01070 | 10,70 £ 2.22
18 DDW : 0.50 0.30 0.3980 | 39,80 + 2.96

The data from Table 1 show that aqueous extract of R. nigrum leaves exhibits inhibitory
properties in all corrosion media tested, with an IE range of 10.70 (3,0% NaCl, Entry 17) to 88,06%
(1,0 mol-dm™= HCI, Entry 13). The extract also demonstrated high IE in HCI solutions at 0,5 mol-dm-
3 (85,43%) and 0,1 mol-dm= (84,28%) (Entries 14 and 15 respectively). The lowest IE values for
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tested extract were observed in HNOs solutions (Entries 7-9) and for the saline and neutral
environment (Entries 17 and 18 respectively).

Finding the kinetic and thermodynamic parameters of inhibition in the specified medium was
the next step in our investigation because the aqueous extract of R. nigrum leaves had the highest
IE in a 1.0 mol-dm= HCI solution. The tests were carried out at room temperature over an exposure
time of 2-24 hours and inhibitor concentrations of 0,1-2,0 g-dm-3,

Figure 2 shows the effect of exposure time and inhibitor concentration on the IE of aqueous
extract of R. nigrum leaves in 1,0 mol-dm HCI solutions.
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Figure 2 — Relationship between the IE (%) of aqueous extract of R. nigrum leaves on carbon
steel in 1.0 mol-dm= HCI solution from the different inhibitor concentration and
immersion time at room temperature

As can be seen, the IE of the aqueous extract of R. nigrum leaves in 1,0 mol-dm= HCI solution
at different inhibitor concentrations increases over time. The presence of an induction period
demonstrates that at least 6 hours are needed in a given corrosive medium for the inhibitor to form
a maximally effective protective layer. An increase in inhibitor concentration leads to an increase in
protective properties. The most effective corrosion inhibition was observed at the inhibitor
concentration of 2,0 g-dm3. Therefore, higher concentrations of the inhibitor should be used for the
most optimal inhibition effectiveness. These results suggest that the aqueous extract of R. nigrum
leaves has good prospects for use in preventing metal corrosion in highly acidic environments.

The inhibitor can adsorb on the metal surface by chemical, physical or combined way. Finding
the values of the Gibbs free energy (AG%ss) is necessary to characterize the absorption mechanism.
The electrostatic interaction (physisorption) between charged inhibitor molecules and metal surfaces
is represented by AG%ys values up to -20 kJ-mol?. A value less than or equal to about -40 kJ-mol?,
commonly considered the threshold between chemisorption and physisorption, indicates the
chemical character of the sorption [34].

Langmuir absorption isotherms of the aqueous extract of R. nigrum leaves in 1,0 mol-dm= HCI
solution at experimental temperatures was shown in Fig. 3.

Fig. 3 illustrates that the plots of C/8 against inhibitor concentration exhibit as straight lines at
both temperatures. The linear approximation with values of the correlation coefficient greater than
0.99 clearly shows that the Langmuir model is suitable for describing of the adsorption of R. nigrum
leaves aqueous extract on carbon steel surface. This confirms that the inhibition is due to the
adsorption of the active organic compounds from plant extract on the carbon steel surface.
Additionally, this demonstrates that due to the absorption from the solution, there is an exchange
between the water molecules and the inhibitor molecules on the metal surface [35].

In accordance with the slopes and intercepts of the linear plots, the Gibbs free energy (AG%gs)
and Kaps values for the aqueous extract of R. nigrum leaves were calculated. Obtained values are
presented in Table 2.

ISSN 2788-7995 (Print) IITokopiM yHHBEpCHTETiHIH Xa0apIubIChl. TeXHUKAIBIK FeUTbIMAap Ne 2(14) 2024 394
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 2(14) 2024



3,0

Equation y=a+b'x
Plot [~]:]
Weight No Weighting
Intercept 0,10458 £ 0,039 A
2.5 Slope 1,27578 & 0,032 A
v Residual Sum of Squares 0,00729 ////1
Pearson's r 0,99303 P
R-Square (COD) 099806 ///
Adj. R-Square 099742 //
2,0 P %
Z
~
s
< - /
515 o m 298K
) 4 A 313K
e e
ya
1,04 i
/ Equation y=a+hbx
Plot el]
Weight No Waighting
n Intercept 0,11608 £ 0,062
u’ 5 - Slope 1.20434 £ 0,050
/ Residual Sum of Squares 0,01773
‘ Pearson's r 0,99736
R-Square (COD) 0,99473
Adj. R-Squars 0,99298
0,0 T T T T
0,0 0,5 1,0 1,5 2,0
C (g/)

Figure 3 — Langmuir isotherms for adsorption of R. nigrum leaves aqueous extract in 1.0 mol-dm
HCI solution for 4 hours immersion period at 298 and 313K

Table 2 — Thermodynamic parameters of adsorption of aqueous extract of R. nigrum leaves
on carbon steel surface in 1.0 mol-dm HCI solution

Temperature, K Slope Intercept R? Kabs AGO%ps kJ-mol?
298 1,27578 0,10458 0,99806 9,5621 -15,55
313 1,20434 0,11608 0,99473 8,6147 -16,06

Negative values of AGPqs indicate that the absorption of aqueous extract of R. nigrum leaves
onto the carbon steel surface occurs spontaneously [36]. The value of AG%gs > -20 kJ-mol* clearly
shows that the adsorption is physical (physisorption) and occurs as a result of an electrostatic
interaction between charged inhibitor molecules and the steel surface [37]. Increasing the
temperature and concentration of the inhibitor accelerates the adsorption-desorption processes and
promotes the formation of a stable protective barrier on the metal surface [38].

Metal surface analysis. Micrographs of the steel surface were also used to investigate the
protective effect of the R. nigrum leaves aqueous extract. The polished specimen and the test
specimens were observed under an optical microscope. Fig. 4 displays micrographs of carbon steel
surfaces taken both before and after they were submerged in 1.0 mol-dm= HCI solution with and
without the inhibitor.

Figure 4 — Micrographs (*50) of the carbon steel surface after 24 hours of immersion in
1.0 mol-dm= HCI solution: before immersion (a), in the absence (b) and in the presence (c) of
aqueous extract of R. nigrum leaves at a concentration of 1,0 g-dm=

The steel plate's surface had a noticeable metallic luster and was uniform before it was
exposed to a corrosive environment (Fig.4a). The surface structure changes significantly when
exposed to an acid solution without the presence of an inhibitor. A dark, porous, loose layer with
obvious pits and cracks forms (Fig.4b). Conversely, in the presence of an inhibitor, the protective
coating develops and the metallic shine disappears, but the metal's structure remains intact (Fig.4c).
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UV-visible spectroscopy analysis. In addition, to confirm that the protective effect is due
precisely to the absorption of the aqueous extract of R. nigrum leaves on the metal surface, UV-
spectrometric analysis of the corrosive environment was carried out. UV-vis spectra were recorded
before and after immersion a carbon steel specimen for 24 h at presents of the inhibitor. Results are
given in Fig. 5.
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Figure 5 — UV-vis spectra of 1.0 mol-dm HCI solution containing 0.1 g-dm of R. nigrum leaves
agueous extract before (blue line) and after 24 h immersion (red line) of carbon steel specimen

The UV-vis spectrum of the solution of R. nigrum leaves aqueous extract in 1.0 mol-dm= HCI
before and after immersion shows the maximum absorbance at 301 nm that is typical for phenolic
phytocomponents. Nevertheless, after immersion of the steel specimen the intensity of the
absorption decreased. However, there are no any shifts of maximum absorbance in the UV-vis
spectra were observed. Since absorption in given wavelength range is due only to the presence of
the extract, the decrease in absorption intensity is caused by a decrease in its concentration, which
in turn can be explained by sorption of R. nigrum leaves aqueous extract components from the
solution on the metal surface. It is well known that absorption at 340-360 nm is typical for flavonols
[39]. The most intensive hypochromic effect localized in this region of the UV-vis-spectra allows to
propose that the inhibitory activity of R. nigrum leaves aqueous extract is determined by absorption
of the phenolic compounds, predominantly flavonols.

Electrochemical experiment. The OCP evaluation for the carbon steel was carried out both
with and without the R. nigrum leaves aqueous extract, during a 60-second immersion in 1.0 mol-dm-
8 HCI solution. Fig. 6A indicates that the OCP achieve a condition of equilibrium before the 60 s was
over. Shift of OCP value at presents of different concentrations of the aqueous extract of R. nigrum
leaves could be a sign that inhibitor molecules had been adsorbed to the carbon steel surface.
Nevertheless, a positive shift in OCP reveals that R. nigrum leaves aqueous extract mostly inhibits
the anodic process [40].
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Figure 6 — OCP vs time diagram (A) and Tafel polarization curves (B) for carbon steel in 1.0

mol-dm= HCI solution with and without of the aqueous extract of R. nigrum leaves at room

temperature
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Figure 6B shows the potentiodynamic polarization curves for carbon steel in 1,0 mol-dm= HCI
solutions with different concentrations and without aqueous extract of R. nigrum leaves. The
electrochemical data of the corrosion process derived from polarization curves using corrosion rate
analysis are shown in Table 3.

Table 3 — The electrochemical corrosion parameters of carbon steel in 1.0 mol-dm=3HCI in the
absence and presence of different concentrations of aqueous extract of R. nigrum leaves at room

temperature
Concentration, -Ecorr, Jeorr, IEi, bal, bel,

g-dm? mV A-cm? % m\ll-dleC'l m\ll-dleC'l Rp, Q| |Eg, %
0,0 474,52 1,04-103 - 108,78 127,25 29,84 -
0,1 469,61 | 5,33-10* | 72,39 86,20 101,47 46,31 79,89
0,5 457,95 | 2,72:10* | 73,88 81,98 99,12 87,16 82,99
1,0 457,84 2,35-10* | 76,39 87,04 95,84 102,60 | 83,37
1,5 454,04 1,57-10* | 78,55 91,85 96,06 158,29 | 83,70
2,0 457,11 1,31-10* | 80,65 79,41 90,71 170,04 | 86,18

The presence of aqueous extract of R. nigrum leaves results in a significant decrease in the
corrosion rate of carbon steel in 1.0 mol-dm= HCI. The corrosion current density (Jcor) Values are
significantly lower in the presence of the inhibitor, indicating that aqueous extract of R. nigrum leaves
effectively protect the metal surface from corrosion [41]. The values of polarization resistance (Rp)
increase with the addition of inhibitor, which confirms the formation of a protective layer on the steel
surface consequently preventing corrosion damage [42]. As can be seen, both the cathodic and
anodic parts of the polarization curves noticeably shift in the presence of an inhibitor. Thus, the
agueous extract of R. nigrum leaves acts as a mixed type inhibitor, slowing down both the cathodic
and anodic reactions [43]. Nevertheless, the cathodic site shifts |b¢| are larger than the anodic |ba].
This implies that the cathodic polarization is more strongly affected by the inhibitor than the anodic
one.

In the presence of the aqueous extract of R. nigrum leaves, the inhibitory effect values
determined using equations 6 and 7 from corrosion current and polarization resistance, respectively,
increase significantly with increasing in inhibitor concentration. This also indicates that the studied
inhibitor has a high potential to prevent the corrosion of carbon steel in 1.0 mol-dm= HCI solution.
The electrochemical and gravimetric data were found to be in excellent agreement.

Analysis of literary sources revealed that plants of the genus Ribes, with the exception of Ribes
rubrum, have not been studied as “green” corrosion inhibitors. An aqueous extract of Ribes rubrum
berries at a concentration of 800 ppm in a 1 M HCI solution was shown to provide 64% protection of
mild steel [44], which is slightly lower than the results obtained for Ribes nigrum leaves in our
investigation. Thus, our study can be considered as the first example of the effective use of aqueous
extracts of Ribes nigrum leaves as an environmentally friendly corrosion inhibitor.

Conclusion

Despite enormous scientific and technological progress, including the field of material
protection, modern industry needs to develop environmentally friendly and effective approaches to
protecting metals from corrosion destruction. The creation of inhibitors based on natural products
plays a key role in this scientific direction.

In this work, the corrosion protection potential of the aqueous extract of R. nigrum leaves was
investigated gravimetrically and electrochemically. The aqueous extract of R. nigrum leaves in 1.0
mol-dm= HCI solution was found to have excellent protective effect on carbon steel, providing an
inhibitory effect of up to 92.66%. According to the Langmuir model a stable protective monolayer is
formed as a result of the inhibitor's adsorption on the steel surface. Negative values of Gibbs free
energy revealed the spontaneous physisorption of the inhibitor. The inhibitory effect of the extract is
probably due to the adsorption of phenolic compounds. Investigation results suggest that the
agueous extract of R. nigrum leaves is one of the most promising candidates for the development of
"green" corrosion inhibitors for multiple industrial and technical applications.
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YEPHAAl CMOPOWHA (RIBES NIGRUM) U3 3ANAOHOIO KABAXCTAHA — HOBPIVI NPUPOOHbLIN
OKONOIM’M4eCKU YACTbIN MHTMBUTOP KOPPO3UN YITNMEPOOUCTOU CTAIN

B Hacmoswem uccrnedogaHuu mMemod romepu Macchl U 31€KmMpoxumuyeckue memoolsbi Obiniu
ucronb3o8aHbl 0711 U3yHYeHUsl UHaubupyrowux ceolicme 800HO20 3Kcmpakma nucmees Ribes nigrum
OMHOCUMEesIbHO KOppo3uu yaiepoducmoli cmaru 8 CoNsIHoKucsol cpede. YecmaHoegneHo, 4mo 8 1,0 mMosib-0m-
8 HCl agpgpekmusHocmb uHeubuposaHusi akcmpakmom Moxem OGocmuzamb 92,66%. [lokasaHo, 4mo
3awumHasi criocobHocme UHaubumopa so3pacmaem ¢ yeenudeHuemM e2o KoHyeHmpauuu. ObHapyxeHo, 4mo
8biCOKas aghgpbekmueHOCMb UHa2UbUpPOoBaHUSI S8/1emCs pe3y/ibmamoM caMOornpou38obHOU ¢husuocopbyuu
uHeubumopa (AGCps > -20 k[k-Monb™) Ha nosepxHocmu yenepoducmol cmasu, kKomopasi MoOYUHSIIMCs
modenu JleHamrwopa. AHamu3 nonsspu3ayUOHHbIX KPUBbIX 6bISeUsT CMewaHHbIU mun uHaubupyrou,eao
Oelicmeusi uccrieQyeMo20 3Kcmpakma, npu 3mom Haubonbwas 3phphekmusHoCcmb UHa2UbuposaHus
docmueaemcsi rpu KoHUeHmpauyuu uHaubumopa 2,0 2-:0m=3. JnekmpoxumMuyeckue U epasumempuyecKue
OaHHble OKasanucb 8 Xxopowem coenacuu. Ha ocHosaHuu Y®-cnekmpoghomomempuyeckoeo aHanuia
KOppo3uoHHoU cpedbl Q0 U riocrie roepyxxeHust obpasya yanepoducmol cmarnu, coenaHo npedrnonoxeHue o
mom, 4mo uHaubupyruwee delicmeue akcmpakma obycrnoeneHo adcopbuyueli ¢heHOrbHbIX COeOUHEHULU.
BodHbiti akcmpakm nucmees R. nigrum 6b11 ipedrioxeH 8 Kadecmae Hedopo2020, 3K0/I02U4eCKU YUCmoao U
aghgpekmueHo20 uHaubumopa Koppo3uu.

Knro4deebie cnoea: Ribes nigrum; pacmumesibHbie 3KCmpakmbl; 800HbIU 3KCmMpakKm Jucmbees;
aghgpekmusHOCcMb UH2UbBUMOPOS8; «3ereHbie» UHaubumopskl; 3awuma Memarsina.

H.B. AkaTtbeB*, M.K. XanueBa, P.X. KenxeranueBa, T.B. CeinnoBa
M. ©TemicoB aTbiHaarbl baTbic KazakcTtaH yHuBepcuTeTi,
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BATbIC KA3AKCTAHHbIH KAPA KAPAKATbI (RIBES NIGRUM) - KOMIPTAHbI BONATTbIH
XAHA TABUFU, 9KONOMUANbIK TA3A KOPPO3US UHTUBUTOPBI

byn 3epmmey XymbicbiHOa my3 KbIWKbIfbl opmacbkiHOarbl kemipmekmi 6onamma Ribes nigrum
JKarbipaKkmapbiHbiH CyJibl CbifbIHObICIHbIH KOPPO3UsiFa KapChl KacuemmepiH 3epmmey yWwiH mMacca Xofanamy
JKOHE 3fIeKmMpPOXUMUsInbIK 8dicmep KondaHbinidbl. 1,0 monb-0m=3 HCIl-Oe cbifbiHObIHbIH mexey muimdiniei
92,66%-ra xemyi MyMKiH ekeHi aHbikmanobl. CoHOau-ak, uHaubumop KOHUeHmMpauyusicbl XorfapblnaraH caliblH
KopraHbIC Kabinemi xxorapblinalimbiHbl aHbIKMarsnobl. MH2ubumopObiH ofapbl muimdiniai kemipmexkmi 6osam
6emiHde e30ieiHeH ¢husuocopbuusinaHybiHbiH (AGPass > -20 K[k -Monb™) Homuwxeci 60nbin mabbinamsiHObIfbl
xoHe JlaHamop MmolerniHe mikenel barbiHambIHObIFbI 6alikandbl. [lonspusayusi KucbiKmapbiH marnday
bapbicbiH0a 3epmmernzeH CblfbiIHObIHbIH UHEUBUMOPIbIK 9CepiHiH apanac mypee XamambiHObifbl
aHblIKmaodbl. EH ynkeH mexey muimoiniei 2,0 e-0M3 uHeubumop KOHUeHmpauyuscbiHOa KOs Xemki3inoi.
AnekmpoxumusinbiK xeHe epasumempusinbik depekmep calikec kendi. Kemipmexkmi 6onam ynziciH 6amsipy
andbiHOa xoHe 00aH KeliHei KOppOo3USbIK opmaHbIH yribmpakyreaiH criekmpoghomomempusinibiKk mandaybiHa
cylieHe ombipbir, CblfbIHObIHBIH UH2UbuMOopnbIK acepi ¢peHondbl KocklibicmapObiH adcopbuyusnaHybiMeH
6atinaHbicmei den ylirapbindbl. R. nigrum xarnbipakmapbiHbIH Cyrbl CbifbIHObICHI ap3aH, 3K0M02usifblK ma3sa
JKOHe Kopposusira Kapcbl muimOi uHaubumop pemiHde yCbIHbINObI.

TyidiH ce3dep: Ribes nigrum; eciMOiK cCbifbIHObIIAPbI, Cyfbl XKarblpak CblfbIHObIIAPbI;
uHeubumopnapdbiH muimdiniei; xacwel uHeubumopnap; Mmemarndb! KOpray.
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BITMAHUE TMBPUOAUPOBAHHbBIX AMUA ®YHKUNOHAJIbHbIX NMOJIMMEPOB
HA CTPYKTYPOOBPA3OBAHME MNMO4B

AHHOmMauyus: B nocnedHue 200bl Habntolaemcs ysernudeHue Oezpadayuu nodye rnod enusHuem
aHmporno2eHHoU Hazgpy3Ku. 3mo rnpusodumM K CHUXeHUo MN1odopodusi U yxyOWeHUo kKadecmea oKpyxarouwjel
cpedbl. B cesa3u ¢ amum, go3pacmaem riompebHocmb 8 paspabomke Hoebix Memodoe 0Orisi co3daHus u
80CCMaHOB/IeHUST MOYBEHHOU CMPyKmypbl U 8 cmambe npedcmassieHbl pes3ynbmambl UcciedosaHus
81USHUS 2UBPUOHBIX aMud hyHKUUOHaIbHbIX MOIUMEPO8 Ha CMPYKmMypoobpasosaHue rnoys. AKmyarnbHOCMb
pabomei obycnasnueaemcs o3pacmaroujeli nompebHocmbio 8 pa3pabomke Ho8bIx Memodoes 05151 coO30aHusl
U 80CCMaHOB/IEHUsT OY8EHHOU cmpykmypbl, Oezgpadupyrowel nod enussHuUeM  4esioee4vyeckol
OessmenbHocmu. B pabome u3yyeHbl nonumepbl, omiudarowuecss no Habopy QyHKUUOHaSIbHbIX epyrir,
3aps0y, KOoHghopmMayuu u mury npomueouoHos. [lposedeHO KOMIIeKCHoe uccriedogaHue Ornmu4yeckux,
85I3KOCMHBIX U 3[€KMpPOorpo8oOHbIx ceolicms. MoeHmuguyupogaHbl murbl (hyHKUUOHAbHbIX epynn U
yCmaHoBs1eHbl KO/IU4eCMBEHHbIE COOMHOWEHUS Mex0y Humu. OnpedenieHbl Murbl MOIUMEPOS U B/IUSHUE
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