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Abstract

In present paper development of a synthetic cutting fluid for glass forming machines has been
described. The cutting fluid is designed for lubricating and cooling of the drop feeder shear
blades. An experimental sample composition is based on a commercial lubricant and additives,
commercially available in Russia. During the research, a number of prototypes have been
obtained. The sample with the maximum anti-corrosion effect to the R6M5 high-speed steel has
been selected. For both the selected prototype and commercial lubricant, adsorption and anti-
corrosion behavior has been studied. Anti-corrosion tests have been carried out in a circulating
corrosive medium. Electrochemical properties have been studied by the polarization curves
method. Isotherm of the adsorption of the lubricant on the R6M5 steel surface has been
calculated using surface tension and wetting angle data. In both cases an anodic mechanism of
corrosion inhibition has been established, the experimental cutting fluid being more efficient
than the commercial one in terms of anti-corrosion effect in distilled and tap water. At dilutions
above 1:1000, the experimental cutting fluid is characterized by higher adsorption values on the
steel surface compared to the prototype. Tests of the new cutting fluid at a glass container plant
showed that it can be used at the same dilution as the commercial cutting fluid — 1:1000. Thus,
the lubricity of the experimental sample is comparable to that of the commercial product, which
can be explained by the similar adsorption values of both cutting fluids on the shear blade
surface at working dilution.
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Introduction

During the operation of a glass-forming machine, the liquid glass mass, flowing from the
drop feeder, is cut into the portions (drops) by special blades. Then from these glass drops
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hollow glassware is manufactured. For continuous operation of the feeder shear blades,
constant cooling and lubrication of the shear blades with an aqueous cutting fluid emulsion
are required. The cutting fluid must provide an efficient cutting of the glass melt at low
working concentrations, prevent corrosion of the blades. In addition, it should be non-toxic
and ecologically safe.

There is a wide range of cutting fluids for shear blades. Cutting fluids can contain
mineral, vegetable or synthetic oils. Vegetable oils have such advantages over mineral oils
as higher lubricating properties, non-toxicity, and biodegradability. These oils can be
produced from renewable resources. However, vegetable oils are often characterized by low
thermal stability [1]. During operation, the feeder shear blades heat up, and vegetable oils
are oxidized with formation of deposits on the blades [2]. Synthetic oils are more oxidation-
resistant than vegetable oils, however, they are less biodegradable [3]. Some synthetic
components of cutting fluids for the shear blades can be based on vegetable oils. At the same
time, these products have high thermal stability [4], so the formation of solid deposits on the
blades is avoided. Currently, there is a research trend for the development of environmentally
friendly and biodegradable cutting fluids [5—7], so the cutting fluids for shear blades, based
both on synthetic and natural components is a promising direction.

A working dilution range for shear blade cutting fluids is usually from 1:700 to 1:2000,
this value being significantly higher than the one recommended for water-miscible cutting
fluids used in metalworking. To prepare a cooling emulsion, a reservoir can be used, from
which the emulsion is supplied to the shears [8], or more modern spray systems (for example,
offered by Graphoidal Developments [9]) that provide automatic mixing of the cutting fluid
with water immediately before the emulsion is supplied to the shears. The emulsion supply
system must not be clogged due to the cutting fluid. Clogging can be triggered by a bacterial
contamination of the emulsion [8] or by the interaction of fluid components with water
hardness ions [4]. As a rule, shear lubricants based on mineral and vegetable oils are
recommended for use in softened water [10], while synthetic cutting fluids can be used in
water of any hardness [11].

The LLC “NPP Sintez” produces a Gelltex-425 (G-425) cutting fluid for shear blades
[12]. A nonionic surfactant, an ester of a fatty acid and polyalkylene glycol, is the main
component of this fluid, responsible for a lubricating effect. The cutting fluid also contains
another non-ionic surfactant —an amine-type corrosion inhibitor, and a bactericidal additive.
The G-425 fluid is designed for use in water of any hardness, it is biodegradable. The
working dilution range of this fluid is 1:800-1:1300.

The corrosion inhibitor used in this cutting fluid is imported and has no analogues in
Russia, which increases the product cost. Present paper is devoted both to the development
of a novel synthetic cutting fluid without imported components in the composition and to
the study of its anti-corrosion and adsorption properties. The G-425 was used as a prototype.
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Materials and Methods

The component of the G-425 cutting fluid, polyalkylene glycol ester, was chosen as the base
for the new synthetic fluid composition. This choice was dictated by the component
availability in Russia and its sufficient water solubility. Thus, the only difference of the novel
fluid from the prototype is the corrosion inhibitor composition. Various nitrogen-, sulfur-,
and phosphorus-containing surfactants produced in Russia are studied as corrosion
inhibitors. The benzalkonium tris(pentafluoroethytrifluorophosphate (BA-FAP) was
obtained by methathesis reaction using HFAP acid. The main criterion for the inhibitor
selection is the corrosion resistance of high-speed steel in presence of the novel cutting fluid.
This parameter was evaluated by the gravimetric method.

The cutting fluid components were weighed, mixed in a glass beaker and stirred until a
homogeneous liquid was formed. The compositions were tested for resistance to freezing
and thawing in a freezer at —20°C. After freezing and thawing, the sample must be
homogeneous, no separation or sedimentation should be observed.

Working emulsions of cutting fluids for shear blades must be stable for at least 24 h.
During this period, no clots or drops of a non-emulsified fluid should be formed in the
emulsion. So, emulsions of the test fluid compositions were prepared in dilutions of 1:1000
and 1:200. The emulsions should be homogeneous within 24 h.

The anti-corrosion effect was determined according to the GOST 9.506-87 (Russian
Federation standards). In all gravimetric tests, the volumetric dilution of the fluid was
1:1000. The feeder shear blades are often made of high-speed steel, so the grade R6M5 high-
speed steel was chosen as a test material. The corrosion test was carried out in distilled water
for 24 h. The temperature of the corrosive medium was 70°C.

Corrosion rate was calculated by the formula:

_Am
Sxt

where K — corrosion rate (g/m?-h); Am — sample mass difference before and after testing, g;
S — sample surface area, m?; t — exposure time in a corrosive medium, h.

The anti-corrosion effect Z of the cutting fluid was calculated by the formula:

yi :%AOO%

1

where K; — corrosion rate in water, K, — corrosion rate in a cutting fluid emulsion, g/m?-h.

The most efficient sample in terms of corrosion protection in distilled water was chosen
according to gravimetric tests and recommended for further testing. The following
physicochemical characteristics were determined both for the sample and G-425 cutting
fluid:

— anti-corrosion effect in the emulsion flow;

— the mechanism of anti-corrosion action by the method of polarization curves;

— adsorption on the steel surface in a range of dilutions.
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For the gravimetric experiment in a flow, a GE-UEK-07 cell was used. To maintain
constant circulation of the emulsion, the cell is equipped with a stirrer. Thus, a continuous
spraying of blades with cutting fluid emulsion is simulated. The new cutting fluid should be
as efficient as the G-425 in hard water, so in this experiment tap water was chosen as a
corrosive medium. During the experiment, the temperature of 70°C was maintained using a
laboratory stove. After the corrosion products were removed, the image of the sample surface
was taken using an Olympus BX51 optical microscope at X500 magnification.

The corrosion inhibition mechanism for the cutting fluids was studied by the method of
polarization curves. The curves were recorded using an P-8 potentiostat-galvanostat. The
surface area of the working electrode, made of the R6MS5 steel, was 1 cm?. The potential
sweep rate was 1 mV/s. A silver chloride electrode was used as a reference electrode, and a
platinum electrode was used as an auxiliary electrode. The cutting fluid dilution was 1:1000.
The emulsions were thermostatted at 70°C.

The inhibition coefficients of the partial reactions were determined by the formula:

Ya,c =_ Iblank
Ifluid(a,c)
where ipank — the corrosion current density in water without cutting fluid, ifig @c — the
corrosion current density in the cutting fluid emulsions for the anode and cathode reactions,
respectively.

The stationary potential and corrosion current values were determined by extrapolation
of the linear sections of polarization curves. The electrochemical protective effect was
calculated by the formula:
|

Z = (1-—)x100%

Iblank

where i — the corrosion current density in a cutting fluid emulsion, ik — the corrosion
current density in water without cutting fluid.

To calculate the adsorption of the cutting fluids on steel surface, the surface tension and
wetting isotherms of aqueous cutting fluid emulsions were built. Surface tension was
determined by the hanging drop method using a Kruss DSA25 drop shape analyzer. The
contact angle of wetting of R6M5 steel by the emulsion was determined by the sessile drop
method, for which a Kruss DSA25 device was also used.

Adsorption value was calculated by the formula [13]:

_ 1 d(o,_ycosb)
S RT d(InC)
where C — the volume concentration of the cutting fluid (dimensionless), 6 _v — the surface

tension of the aqueous fluid emulsion at the liquid-air interface, 6 — the contact angle of steel
with water-cutting fluid emulsions.
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To define the dilution range for the novel cutting fluid, its adsorption isotherm was
compared with the one of the G-425. The working dilution range of a cutting fluid was
assumed to be dependent on its ability to adsorb on the metal surface. The higher is the fluid
adsorption in the working dilutions range, the more diluted fluid can be used.

Results and Discussion

Fatty amines, phosphonates, carboxylates, phosphate esters, and sarcosinates can be used as
efficient corrosion inhibitors in a neutral environment [14—16]. However, when developing
a cutting fluid composition, only the inhibitors soluble in its lipophilic component should be
selected. For the test cutting fluid compositions, a number of corrosion inhibitors were used:
phosphonate compounds, sodium salts of ethoxylated fatty alcohol carboxylates. However,
these compounds were immiscible with the main component of the cutting fluid, so the fluid
concentrate was opaque and heterogeneous. Thus, for the inhibitor in the novel composition,
the following requirements were taken into account:

e the inhibitor must be soluble in the cutting fluid concentrate;

e the inhibitor must be available in Russia;

e the protective action of the novel cutting fluid, containing the inhibitor, must be equal
to or greater than that of the G-425 cutting fluid.

Table 1 shows the composition and anti-corrosion effect for the test samples of cutting
fluids. The exact inhibitor content is not disclosed. Since the lubricating component is an
ester, it can be hydrolyzed in a highly alkaline medium, so the preferable pH-range of the
novel cutting fluid is below 9. It was taken into account when selecting inhibitors, and the
pH-value of the aqueous emulsions of cutting fluids in a dilution of 1:1000 was in the range
8-9.

Table 1. Test samples of cutting fluids: composition, R6M5 steel corrosion rate, anti-corrosion effect in
distilled water.

No. Corrosion inhibitor (percentage) K, g/(m?*h) Z, %
G-425 Nonionic surfactant, amine class (10—30%) 0.027 78
1 Anionic sulfur-containing surfactant (20—25%) 0.061 50

Nonionic surfactant, amine class (1-3%),
2 anionic surfactant, sulfonic acid class (2—-5%), 0.082 32
nonionic surfactant, alkoxylated fatty alcohol class (15—-20%)

3 Nonionic surfactant, amide class (15—-20%) 0.077 36

Nonionic surfactant, amide class (15-20%), bioactive cationic

surfactant (BA-FAP) (2—5%) 0.073 45
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No. Corrosion inhibitor (percentage) K,g/(m*h) Z,%
5 Nonionic surfactant, amide class (35—40%) 0.058 52
- : a0 L ]
5 Nonionic surfactant, aml_de_ class (20—30%), anionic sulfur 0.038 69
containing surfactant
7 Anionic surfactant, amine class (20—30%) 0.006 95
8 Anionic surfactant, amine class (20—30%), 0.019 84
nonionic surfactant, imidazoline class (2—-5%) ‘
9 Anionic surfactant, amine class (20—30%), 0.010 92
anionic phosphorus-containing surfactant (2—5%) '
10 Nonionic surfactant — fatty acid ester of alkanolamine (15—20%) 0.074 39
Corrosive medium without cutting fluid 0.121

The sample 7 demonstrates the highest anti-corrosion effect, in this case an anionic
surfactant of the amine class effectively inhibits corrosion. In presence of the samples 1, 3—
6, a continuous dark coating (patina) is formed on the steel surface due to corrosion process
(Figure 1). The corrosion product layer could not be removed mechanically, and the
corroded surface was cleared of it only by grinding. The formation of patina can lead to the
failure of the shear blades, so it should be avoided.

Figure 1. Patina on the steel surface after corrosion in the sample 3 emulsion.

A weak protection effect and formation of patina on the steel surface may be due to the
fact that most of the corrosion inhibitors studied are efficient primarily in acidic media. For
example, in numerous papers bioactive benzalkonium [17], imidazolium
tris(pentafluoroethyl)trifluorophosphate (FAP) [18], imidazolines [19] and fatty acid amides
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[20—24] are reported as acid corrosion inhibitors, however, there are fewer studies on anti-
corrosion properties of these compounds in neutral media [25, 26]. According to [16], as a
rule, the anti-corrosion effect of fatty acid amides is lower compared to fatty acid salts with
the carbon chain of the same length. In addition, a relatively low corrosion resistance of
high-speed steels should be taken into account [27].

The sample 9 also contains not only the anionic amine surfactant, as the sample 7, but
also an anionic phosphorus-containing surfactant. In [28], the corrosion protective action of
an oil-containing cutting fluid was found to be significantly improved when using a
combined additive — an anionic phosphorus-containing surfactant and amine corrosion
inhibitor. However, the sample 9, containing both an amine and a phosphorus-containing
anionic surfactants, appeared to be less efficient than the sample 7. A decreased protective
effect may be due to the hydrophilicity of this phosphorus-containing surfactant. The
hydrophilic-lipophilic balance (HLB) value for this surfactant is 14, indicating its high
solubility in water [29]. This inhibitor cannot be strongly adsorbed on the metal surface
because of its high hydrophilicity [16, 30].

At the same time, a high anti-corrosion effect of a phosphorus-containing surfactant in
the case of oil-containing cutting fluids was discussed in [28]. After the oil is adsorbed on
the metal surface, the consequent adsorption of the hydrophilic surfactant is facilitated due
to the interaction of its lipophilic fragments with oil.

The sample 7 was selected for further testing and designated as experimental sample
(ES). Figure 2 shows the polarization curves for the G-425 fluid and experimental sample.

1
<
@)

E, V (vs. SSCE)
it
E
i
:
E
£
]
1
|
\

\

-0.9 —— No lubricant
- -~ G-425
......... ES

-8.0 -7.0 -6.0 -5.0 -4.0 -3.0 -2.0
lg 1[1, A/cm?]

Figure 2. Polarization curves for the R6M5 steel at 70°C.
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The curves indicate that the anodic partial reaction parameters change in presence of
both cutting fluids. In contrary, all the cathodic branches are close, i.e. for the blank
experiment and both cutting fluids.

In Table 2 the values of electrochemical corrosion characteristics are given for the
R6MS5 steel at elevated temperature.

Table 2. Electrochemical corrosion characteristics for the R6M5 steel in presence or absence of the cutting
fluids.

Lubricant  Eo,V  ba,V b,V o, pA/em? 7,%  ya (E=—300mV) yc (E=—650 mV)

No -0.506  0.06 0.49 12 - - -
G-425 -0.401 0.08 0.42 6 50 8.8 1.1
ES -0.360 0.12 0.38 4 67 66.5 0.9

The inhibition coefficients values of partial corrosion reactions indicate the corrosion
inhibition mechanism to be anodic.

The electrochemical protective effect for ES is higher than that for G-425, which is
consistent with the gravimetric data. The data on corrosion rate and anti-corrosion effect in
the emulsion flow are summarized in Table 3. The sample surface images after removal of
the corrosion products are shown in Figure 3.

Table 3. Corrosion rate and corrosion protective effect in the emulsion flow.

Cutting fluid K, g/m?-h Z, %
- 0.617 -
G-425 1.512 —
ES 0.118 81

) ; e —es i

Figure 3. The R6MD5 steel surface after removal of the corrosion products, from left to right:
blank experiment, G-425, ES. Magnification x500.
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The corrosion rate in the G-425 emulsion was higher than that in a corrosive medium
without any cutting fluid. For explanation of this phenomenon, gravimetric tests were carried
out using the R6M5 steel subjected to the corrosive action of the cutting fluid components
(lubricating base and corrosion inhibitor) taken separately. The experiment was performed
for 24 h in tap water at 70°C. The volumetric concentration of the lubricating base and
inhibitor correlated with their concentration in the cutting fluid emulsion at dilution of
1:1000, i.e. 0.7—0.9 ml/l for the base and 0.1-0.3 ml/I for the inhibitor. The corrosion rate
was determined by the gravimetric method, and, in addition, the fraction of the corroded
surface area (%) was calculated according to the GOST 9.311-87 (Russian Federation
standard). The results are presented in Table 4.

Table 4. Corrosion weights and corroded surface fraction for the cutting fluid components.

Component K, g/m?-h Fraction of corroded surface area, %
— 0.001 98
Lubricating base 0.073 90
Corrosion inhibitor 0.075 10

According to the data obtained, the pattern of corrosion damages of the R6M5 steel
changes in presence of cutting fluid components. In tap water without any additive, a
continuous uniform coating of corrosion products is formed on the steel surface. The layer
is tightly bound to the surface preventing further corrosion, the mass corrosion rate being
very low. In presence of the lubricating base, the mass corrosion rate is significantly higher,
so the corrosion is supposed to be stimulated by the lubricating base. However, in this case,
the distribution of corrosion products over the steel surface becomes somewhat more local,
and as a result, the fraction of the corroded surface decreases. In presence of the corrosion
inhibitor the corrosion product distribution is also localized, and the corroded surface
fraction is significantly reduced, although the corrosion rate value is close to that in the
experiment described above. Thus, it can be concluded that the anti-corrosion action of the
commercial cutting fluid is not pronounced, however, the corrosion products can be easily
removed from the shear blades due to their local distribution. The difference in the corrosion
products distribution in the blank experiment and the one with the G-425 emulsion can be
evaluated by examining of the surface images (Figure 3).

In addition to the anti-corrosion effect, an important consumer property of a cutting
fluid is lubricity. This property is assumed to be dependent on the fluid adsorption value on
the blade surface. The surface tension, wetting and adsorption isotherms for the commercial
cutting fluid and ES are shown in Figures 4—6.
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Figure 4. Surface tension isotherms for the G-425 u ES water emulsions.
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Figure 5. Wetting isotherms of steel surface with the cutting fluid emulsions.
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Figure 6. Adsorption isotherms for the cutting fluids studied on the steel surface.
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At high dilutions an aqueous ES emulsion has a lower surface tension if compared to
the G-425 emulsion. The appearance of wetting isotherms is similar, although the
commercial cutting fluid wets the steel surface somewhat better if compared to the
experimental sample. The lower is the contact angle, the more uniform is the cutting fluid
film on the shear blades.

The appearance of adsorption isotherms for the two cutting fluids is different. In the
case of the experimental sample, the adsorption isotherm goes through a minimum at a
dilution of 1:800, while the adsorption isotherm of the commercial fluid has two extremes —
at dilutions of 1:1200 and 1:700. The presence of extremes on the adsorption isotherm is
typical for solutions of micelle-forming surfactants. The decrease in adsorption value with
increasing concentration can be explained by the fact that at certain concentrations the
interaction between the solute particles is stronger than their interaction with the substrate,
and the surfactant is partially desorbed from the surface [29].

At a dilution of 1:1000, the adsorption values for both cutting fluids are close, and at
higher dilutions the adsorption of the experimental sample is higher. Thus, at glass factories
where the G-425 is used at a dilution of 1:1000 or higher, the use of experimental cutting
fluid instead of the G-425 can be suggested, the lubricity being the same.

According to the tests carried out at a glass container plant in the VVolga Federal District,
the experimental cutting fluid was used in a dilution of 1:1000, and the G-425 is used at this
plant in the same dilution. Thus, according to both the experiment and adsorption
calculations, the novel cutting fluid is not inferior to the prototype in terms of lubricity.

Conclusions

1. A novel synthetic cutting fluid for shear blades of glass forming machines has been
developed. The fluid is based on the G-425 serial product, and all the components are
produced in Russian Federation.

2. The novel cutting fluid is characterized by a significantly higher anti-corrosion effect in
hard water if compared to the prototype.

3. In presence of the G-425 corrosion products distribution on the R6MS5 steel surface differs
from that in an uninhibited environment.

4. The mechanism of corrosion inhibition was found to be anodic for both cutting fluids.

5. The experimental cutting fluid was shown to be not inferior to the serial product in terms
of lubricity, which correlates with the data on adsorption on the steel surface.

Funding

The research was supported by the Russian Science Foundation, RSF 24-23-00511 grant,
https://rscf.ru/en/project/24-23-00511/.

The authors declare no conflict of interests.


https://rscf.ru/en/project/24-23-00511/

Int. J. Corros. Scale Inhib., 2024, 13, no. 3, 1423-1436 1434

References

1.

o

10.
11.
12,
13.

14,

15.

F.J. Owuna, Stability of vegetable based oils used in the formulation of ecofriendly
lubricants — a review, Egypt. J. Pet., 2020, 29, no.3, 251-256. doi:
10.1016/j.ejpe.2020.09.003

. S.Z. Erhan, B.K. Sharma and J.M. Perez, Oxidation and low temperature stability of

vegetable oil-based lubricants, Ind. Crops Prod., 2006, 24, no. 3, 292-299. doi:
10.1016/j.indcrop.2006.06.008

. S.D. Haigh, Fate and effects of synthetic lubricants in soil: biodegradation and effect on

crops in field studies, Sci. Total Environ., 1995, 168, no. 1, 71-83. doi: 10.1016/0048-
9697(95)04535-9

. VITROLIS SHEARLUBE 722X, Link
. E. Benedicto, E.M. Rubio, L.Aubouy and M.A. Saenz-Nufio, Formulation of

sustainable water-based cutting fluids with polyol esters for machining titanium alloys,
Metals, 2021, 11, no. 5, 773. doi: 10.3390/met11050773

. M.A.A. Khan, M. Hussain, S.K. Lodhi, B. Zazoum, M. Asad and A. Afzal, Green

metalworking fluids for sustainable machining operations and other sustainable systems:
A review, Metals, 2022, 12, no. 9, 1466. doi: 10.3390/met12091466

. R. Katna, M. Suhaib, N. Agrawal, V.Bhati, P. Kumar and M.A. Khan, Green

manufacturing — Optimization of novel biodegradable cutting fluid for machining,
Mater. Today: Proc., 2023. doi: 10.1016/j.matpr.2023.03.019

. Glass Container Manufacturing: Preventing Bio-Fouling in Shear Spray Systems,

Retrieved May 3, 2024, Link

. Graphoidal. Lubricating and Coating Solutions for the Glass Container Industry,

Retrieved May 3, 2024, Link

BIOSOL 2050, Retrieved May 3, 2024, Link

Vitrolis. Lubricant Solutions for the Glass Industry, Retrieved May 3, 2024, Link
SHEAR BLADE LUBRICANT Gelltex-425, Retrieved May 3, 2024, Link

Yu.G. Bogdanova, V.D. Dolzhikova and B.D. Summ, The influence of the chemical
nature of the components on the wetting effect of solutions of mixtures of surfactants,
Vestnik Moskovskogo universiteta. Seriya 2. Khimiya, 2004, 45, no. 3, 186—-194 (in
Russian).

N. Ochoa, F. Moran and N. Pébére, The synergistic effect between phosphonocarboxylic
acid salts and fatty amines for the corrosion protection of a carbon steel, J. Appl.
Electrochem., 2004, 34, 487-493. doi: 10.1023/b:jach.0000021702.49827.11

Y.l. Kuznetsov and G.V. Redkina, Thin protective coatings on metals formed by organic
corrosion inhibitors in neutral media, Coatings, 2022, 12, no.2, 149. doi:
10.3390/coatings12020149



https://doi.org/10.1016/j.ejpe.2020.09.003
https://doi.org/10.1016/j.indcrop.2006.06.008
https://doi.org/10.1016/0048-9697(95)04535-9
https://doi.org/10.1016/0048-9697(95)04535-9
https://www.fuchs.com/uk/en/product/product/15240-VITROLIS-SHEARLUBE-722X/
https://doi.org/10.3390/met11050773
https://doi.org/10.3390/met12091466
https://doi.org/10.1016/j.matpr.2023.03.019
https://zetarod.com/wp-content/uploads/CS-Preventing-Biofouling-in-Shear-Spray-Systems.pdf
https://www.graphoidal.com/
http://glasslub.ru/en/catalog/p/63-biosol-2050-mineralnoe-i-rastitelnoe-maslo
https://www.glasstec.de/vis-content/event-glasstec2022/exh-glasstec2022.2702924/glasstec-2022-FUCHS-LUBRICANTS-UK-plc-Paper-glasstec2022.2702924-q0QTYzNkTsiy6HNRQDia5w.pdf
https://en.nppsintez.com/product/products-for-glass-container-manufacture/smazka-dlya-lezvij-nozhnic-stekloformiruyushchih-mashin-gelltex-425/
https://doi.org/10.1023/b:jach.0000021702.49827.11
https://doi.org/10.3390/coatings12020149

Int. J. Corros. Scale Inhib., 2024, 13, no. 3, 1423-1436 1435

16

17,

18.

19.

20.

21,

22,

23.

24,

25.

26.

. H. Li, Y. Zhang, C. Li, Z. Zhou, X. Nie, Y. Chen, H. Cao, B. Liu, N. Zhang, Z. Said,
S. Debnath, M. Jamil, H.M. Ali and S. Sharma, Cutting fluid corrosion inhibitors from
Inorganic to organic: Progress and applications, Korean J. Chem. Eng., 2022, 39, no. 5,
1107-1134. doi: 10.1007/s11814-021-1057-0

R. Assem and A. S. Fouda, Evaluation of cationic surfactant benzalkonium chloride as
inhibitor of corrosion of steel in presence of hydrochloric acid solution, Madr. J. Mol.
Biol., 2019, 1, 14-22. doi: 10.18689/mjmb-1000103

J.K.A. Tiongson, K.C.C. Aganda, D.A.V.Bruzon, A.P.Guevara, B.A. Basilia,
G.A. Tapang and 1.S. Martinez, Exploring the corrosion inhibition capability of FAP-
based ionic liquids on stainless steel, R. Soc. Open Sci., 2020, 7, no. 7, 200580. doi:
10.1098/rs0s.200580

D.B. Agamalieva and V.D. Babaeva, Imidazolines and their complexes as corrosion
inhibitors, Vestnik Bashkirskogo gosudarstvennogo pedagogicheskogo universiteta im.
M. Akmully, 2022, 64, no. 3, 23—37 (in Russian).

X. Li, S. Deng and G. Du, Nonionic surfactant of coconut diethanolamide as a novel
corrosion inhibitor for cold rolled steel in both HCI and H,SO4 solutions, J. Taiwan Inst.
Chem. Eng., 2022, 131, 104171. doi: 10.1016/].jtice.2021.104171

Q.1.U. Li, L.I. Xianghong, L.E.I. Ran and D.E.N.G. Shuduan, Inhibition Performance of
Coconut Diethanolamide on Cold Rolled Steel in Trichloroacetic Acid Solution, J. Chin.
Soc. Corros. Prot., 2022, 43, no. 2, 301-311. doi: 10.11902/1005.4537.2022.077

R. Ganjoo, S. Sharma, P.K. Sharma, O. Dagdag, A. Berisha, E.E. Ebenso, A. Kumar and
C. Verma, Coco monoethanolamide surfactant as a sustainable corrosion inhibitor for
mild steel: Theoretical and experimental investigations, Molecules, 2023, 28, no. 4,
1581. doi: 10.3390/molecules28041581

A.M. Elsharif, S.A. Abubshait, I. Abdulazeez and H.A. Abubshait, Synthesis of a new
class of corrosion inhibitors derived from natural fatty acid: 13-Docosenoic acid amide
derivatives for oil and gas industry, Arabian J. Chem., 2020, 13, no. 5, 5363-5376. doi:
10.1016/j.arabjc.2020.03.015

A.K. Al-Edan, W.N.R.W. Isahak, Z.A.C. Ramli, W.K. Al-Azzawi, A.A.H. Kadhum,
H.S. Jabbar and A. Al-Amiery, Palmitic acid-based amide as a corrosion inhibitor for
mild steel in 1M HCI, Heliyon, 2023, 9, no.4, el4657. doi:
10.1016/j.heliyon.2023.e14657

I.S. Sivokon, D.B. Vershok and N.N. Andreev, Laboratory assessment of corrosion
inhibitors efficiency at oilfield pipelines of West Siberia region Il. Tests in a U-cell, Int.
J. Corros. Scale Inhib., 2012, 1, no. 2, 130—145. doi: 10.17675/2305-6894-2012-1-2-
130-145

E.D. Tanygina, N.E. Solovyeva and V.l. Vigdorovich, The protective efficiency and
adsorption of higher carboxylic acids amides on St3 steel from decane and industrial oil
compositions, Vestnik rossijskih universitetov. Matematika, 2004, 9, no. 2, 212-216 (in
Russian).



https://doi.org/10.1007/s11814-021-1057-0
https://doi.org/10.18689/mjmb-1000103
https://doi.org/10.1098/rsos.200580
https://doi.org/10.1016/j.jtice.2021.104171
https://doi.org/10.11902/1005.4537.2022.077
https://doi.org/10.3390/molecules28041581
https://doi.org/10.1016/j.arabjc.2020.03.015
https://doi.org/10.1016/j.heliyon.2023.e14657
https://doi.org/10.17675/2305-6894-2012-1-2-130-145
https://doi.org/10.17675/2305-6894-2012-1-2-130-145

Int. J. Corros. Scale Inhib., 2024, 13, no. 3, 1423-1436 1436

217,

28.

29.

30.

31.

C. Zhang, K. Yamanaka, H. Bian and A. Chiba, Corrosion-resistant carbide-reinforced
martensitic steel by Cu modification, npj Mater. Degrad., 2019, 3, no. 1, 30. doi:
10.1038/s41529-019-0092-3

D.A. Ponomareyv, M.P. Krasnovskikh, M.G. Shcherban, A.B. Shein and
E.A. Salomasova, Cutting fluids for the glass container industry: development,
physicochemical and anti-corrosion properties, Int. J. Corros. Scale Inhib., 2023, 12,
no. 3, 867—877. doi: 10.17675/2305-6894-2023-12-3-4

A.S. Tsymbalov, Effect of surfactants on dispersion and stability of oil-in-water
emulsions. Sovremennye naukoemkie tekhnologii. Regional 'noe prilozhenie, 2018, 55,
no. 3, 108-119 (in Russian).

Y.l. Kuznetsov, Organic corrosion inhibitors: where are we now? A review. Part Ill.
Passivation and the role of the chemical structure of organophosphates, Int. J. Corros.
Scale Inhib., 2017, 6, no. 3, 209—-239. doi: 10.17675/2305-6894-2017-6-3-1

C.H. Giles, D. Smith and A. Huitson, A general treatment and classification of the solute
adsorption isotherm. I. Theoretical, J. Colloid Interface Sci., 1974, 47, no. 3, 755-765.
doi: 10.1016/0021-9797(74)90252-5

LA A 4


https://doi.org/10.1038/s41529-019-0092-3
https://doi.org/10.17675/2305-6894-2023-12-3-4
https://doi.org/10.17675/2305-6894-2017-6-3-1
https://doi.org/10.1016/0021-9797(74)90252-5

