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Abstract

In writing this article, we studied the physical and chemical properties of octane-boosting
and inhibitor-functioning additives for automotive gasolines based on various local and for-
eign sources. Based on the reviewed literature, we synthesized a new type of complex additive
that increases the octane number and acts as an inhibitor. When these additives were tested
in AI-80 gasoline at concentrations of 1, 3, 5, 10, and 15 percent, they were found to increase
the octane number by up to 14 units, as confirmed by the UIT-85 apparatus. To evaluate the
inhibitor function in gasoline, stearylamine was added at concentrations of 0.001, 0.002, 0.005,
and 0.01 percent. The results demonstrated that at a 0.01 percent concentration, the inhibitor
prevented discoloration of the copper plate.
Keywords: Gasoline, vernier caliper, copper plate, acetone, nylon rope, RON, MON, stand,
test tube, water bath, corrosion, hydrochloric acid, electronic balance, oil, engine, corrosion,
inhibitor, octane number, oxygenate, oxygen, methanol

Methanol is a highly polar organic solvent
that significantly alters the physicochemi-
cal properties of gasoline when added to it.
During the combustion process in the engine,
methanol reacts by generating free radicals,
leading to the formation of oxidation products
such as formaldehyde and carbon monoxide,
which can cause corrosion of the engine’s met-
al components. Due to methanol’s high heat of

vaporization, it can remain in liquid form and
flow onto the cylinder walls without fully evap-
orating, washing away the lubricating oil lay-
er on the piston. This reduces the protection
against corrosion to some extent. Additionally,
methanol reacts with sulfur-containing com-
pounds and other additives present in gaso-
line, accelerating the corrosion of the engine’s
internal system. This limits the concentration
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of methanol that can be safely added to gaso-
line (Ahmedov O., Beknazarov H., Fayziyev J.,
2024; Kapustin V.M., 2013; WangZ., LiuH.,
ReitzR.D. 2017; Prakash A. et al., 2017).

When the volumetric content of methanol
in gasoline reaches 3%, it begins to cause se-
vere corrosion of metal components in the en-
gine’s internal fuel system, including copper,
iron, aluminum, and steel (AhmedovO.J.,
BeknazarovH.S., FayziyevJ.B. 2024; Gu-
reevA.A., AzevV.S., 1996).

The addition of methanol to fuels in inter-
nal combustion engines has a corrosive effect
on metals such as copper, iron, aluminum,
and steel. When the methanol content reach-
es 3%, it significantly enhances the corrosive
properties of gasoline, and as the methanol
concentration increases, corrosion intensifies
further. Therefore, modifying engine materi-
als and adding corrosion inhibitors, as well as
producing blended gasoline with a low meth-
anol content, are among the key measures to
prevent corrosion (AhmedovO.J, Beknaza-
rov H. S., FayziyevJ. B., 2025; Gustiana Awa-
ludin Sobarsaha, Nuryoto Nuryoto, Jayanu-
din Jayanudina. 2021; Sharaf Faruk. 2018).

Based on the above findings, we devel-
oped an additive containing an inhibitor and
studied its effect on a copper plate. To exam-
ine the impact of this additive when applied
to AI-80 gasoline, we gathered the necessary
equipment and reagents for the experiment
(Ahmedov O.J., BeknazarovH.S., Fayzi-
yevJ.B., DjalilovA.T., 2024; LipinP.V. et
al., 2022).
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A highly purified copper plate, prepared
according to Standard GB/T 5096-1985
(Petroleum products — Determination of cor-
rosiveness to copper), is taken and polished
using fine sandpaper (200-600 grit). The
copper plate is then washed with 99% acetone
and thoroughly dried. Afterward, it is weighed
using an analytical balance, and its width and
thickness are measured with a vernier caliper.

The prepared copper plate is securely
fastened to a stand using a nylon rope and
immersed in an additive-containing gaso-
line solution with 0.01% mass of inhibitor,
submerging it to two-thirds of the test tube’s
height. The test tube is then placed in a 60 °C
water bath and left for 30 minutes. After the
exposure, the sample is removed, and its sur-
face is examined for signs of corrosion. Stea-
rylamine, derived from stearic acid, is used as
the inhibitor in this process. The copper plate
is then thoroughly washed first with 20% hy-
drochloric acid and then with acetone, after
which it is dried. Finally, its mass is measured
using an electronic balance, and the corrosion
rate of the copper layer is calculated.

Formula for Calculating Corrosion
Rate X=G/S is used to calculate the degree
of corrosion.

Here, X is the corrosion rate (g/m2);
G is the mass of the plate after the ex-
periment (g); S is the metal surface
area (m?2).

The inhibitor was tested at a concentra-
tion of 0.01%, and the results can be seen in
the following table 1.

Table 1. Gravimetric analysis of copper plate mass loss with
and without inhibitor application

Prisadka Initial plate The mass of the Thelost Corrosion
Ne (landing) mass plate after the mass rate-g/m?
8 8 reaktionising 8 8
1. Prisadka without
added inhibitor 22.4 22.152 0.248 88.571
2. Inhibitor added
prisadka 22.4 22.355 0.045 16.071

The corrosion mechanism in the darken-
ing of the copper plate proceeds as follows.
When water is present in methanol-containing
gasoline, it leads to acidic corrosion and elec-
trochemical corrosion of metals, causing the
ionization of the acid. This enhances the acidic
corrosion of active metals and activates other

corrosive processes. The main reactions oc-
curring at the cathode and anode are as fol-
lows:
Anod: 2Cu + H,0 — Cu,0 + 2H* + 2e~
Katod: O, + 2H,0 + 4e”— 40H"
An oxide layer (composed of Cu20 and
CuO) forms on the surface of the copper plate.
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Over time, the mixture of oxides reacts with
water, leading to the formation of copper hy-
droxides. The solution absorbs COz2 from the
air, resulting in the formation of copper car-
bonates ((CuOH),CO2, CuCO3). The result-
ing mixture of salts and oxides forms a uni-
form and dense oxide film, which makes the
copper plate less susceptible to corrosion.

Considering the effect of temperature on
copper plate corrosion, the higher the tem-
perature, the more active the intermolecular
interactions between the additive and gas-
oline components become, and the thermal
motion of the solution molecules intensifies.
This accelerates the desorption of the adsorp-
tion layer on the surface of the copper plate,
exposing the metal surface and leading to an
increase in the corrosion rate.

On the other hand, as the temperature
increases, the solubility of gases such as O2
and COz2 in water decreases, which has a ben-
eficial effect on inhibiting copper corrosion.
However, based on experimental data, it was
found that within the temperature range of
20-90 °C, the concentration of copper ions
initially decreased, then increased, and the
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minimum copper ion concentration was ob-
served at 60 °C.

Corrosion inhibitors are compounds
composed of polar and non-polar groups,
which act as surface-active substances that
are soluble in oil. When a corrosion inhib-
itor is added to the base oil, it forms an oil
solution similar to a colloidal solution, which
is an unstable dispersion system. The polar
groups containing elements such as oxygen,
nitrogen, phosphorus, and sulfur adsorb
onto the metal surface.

The synthesized complex additive, which
functions as both an octane booster and an
inhibitor, was tested on a copper plate ac-
cording to GOST D 130/IP 154, and chang-
es in the plate’s color were observed. This
complex additive was applied to gasoline
at different concentrations (1, 3, 5, 10, and
15%) to study its effect on increasing the
octane number. At the same time, its effect
on the copper plate was examined in both
inhibitor-added and inhibitor-free condi-
tions. It was proven that using the inhibitor
at 0.01% concentration provided optimal
results.

Figure 1.

a b

In this image, the effect of the complex
octane-boosting additive without an inhibi-
tor on AI-80 gasoline was tested. The obser-
vations are as follows:

(a) Without an inhibitor, the copper plate
darkened significantly, which, according to
GOST D 130/IP 154, is rated as 4b on the scale.

(b) When 0.001% inhibitor was added,
the plate turned dark brown, rated as 4a on
the scale.

(c¢) With 0.002% inhibitor, a noticeable
color change was observed, rated as 3a on
the scale.

d e

(d) When 0.005% inhibitor was applied,
the discoloration was significantly reduced,
showing slight improvement, and was rated
as 2b on the scale.

(e) With 0.01% inhibitor, the best result
was achieved, with minimal color change, and
it was rated as 1b on the scale according to
GOST D 130/1P 154.

Among these results, the best performance
was observed at 0.01% inhibitor concentra-
tion, which provided the most effective corro-
sion protection.
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