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Abstract: Using molecular simulation technology based on classical mechanic methods, the physical adsorption conformation
of the representative conventional gasoline molecule, ethanol molecule and its oxidation intermediates, including acetaldehyde
and acetic acid, on different metal surfaces was performed. Furthermore, the interaction energy composed of van der Waals and
electrostatic between the absorbed molecules and the metal surfaces was calculated to study the influence of ethanol gasoline on
the metal materials in comparison with the conventional gasoline. The results concluded that iron is the most likely to make
strong physical adsorption with organic molecules than other surfaces, whether it is conventional gasoline molecule or ethanol
molecule, or the oxidation intermediates. It may be related to the crystal configuration, coordination, atomic electron distribution
and orbitals distribution of iron surface. The most stable among the studied surfaces is copper, followed by aluminum. Acid
molecules, due to the presence of carboxyl group, are the most prone to form strong adsorption on the metal surfaces. The
functional additives, such as antioxidant, stabilizer, detergent, dispersant or corrosion inhibitor, were critical for ethanol gasoline
to avoid the undesirable influences. ESP distribution and the charges of the module molecules were calculated to make further
analysis based on quantum theory.
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nationwide coverage of ethanol gasoline by 2020. The effect
of the introduction of ethanol molecules on the performance
of gasoline needs to be further studied. From the perspective
of molecular structure, the presence of oxygen atoms in
ethanol molecules may cause changes in oxidation stability.
The previous literature [10] has indicated that ethanol
gasoline is more prone to oxidation to produce acetic acid or
acetaldehyde, than conventional gasoline, which could lead
to changes in its molecular composition and physical &
chemical properties. The generation of acetic acid will lead to
the stronger acidity of ethanol gasoline, which will have a
certain degree of influence on engine fuel tank, oil and gas
pipeline, storage tank, gas station refueling gun and other
materials in contact. Further research is needed to determine
whether corrosion will occur.

The general study mainly used the macroscopic test to find
out whether it will get rusty or not. In fact, the metal
corrosion is not only a simple macroscopic phenomenon but
also a microscopic process that involves some details

1. Introduction

During its storage in oil tank or use in the automobile
engine, gasoline may be attacked by the oxygen in the air to
be oxidized to produce the so-called gum [1-4]. Because of
the polarity, it could stick on the metal surfaces or other
materials in contact. For instance, when the gasoline
molecule formed sticky gum in the oil tank, filter or pipeline,
it will affect the oil supply seriously. Deposition in the intake
or exhaust valves will lead to coke, which could result in
valve closure lax. Deposition in the cylinder head and piston
will result in cylinder poor heat radiation and even increase
combustion knock tendency [5-8]. Some literatures [4, 5, 9]
have demonstrated that the oxidation of hydrocarbon
molecules follows the free radical chain reaction mechanism,
which contains chain initiation, chain propagation and chain
termination.

In order to make full use of the aged grain, fifteen
ministries have issued a joint document to achieve
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invisible to our naked eyes. It is difficult to obtain the
thermodynamic and kinetic data for the process by
experimental measurements [11]. In this work, molecular
simulation technique was used to reveal the information at
the molecular level.

The present work intends to study the adsorption behavior
of conventional gasoline hydrocarbon and ethanol molecule
and its oxidation intermediates to understand what influence
the ethanol gasoline will have on the common used metal
materials in comparison with conventional gasoline. For this
purpose, the interaction energy and conformation of each
absorbed molecules on metal surfaces was investigated based
on molecular dynamics methods. In addition, the electrostatic
potential (i.e. ESP) distribution and charges of all the studied
molecules was calculated based on density functional theory
(DFT). With the results, the physical adsorption of ethanol
gasoline was revealed furthermore.

2. Computational Details and Models
2.1. Computational Details

Computational results were performed with molecular
dynamics methods by Forcite Plus in the Material Studio
2017R2 software developed by Daussault Biovia Inc.
Geometry optimizations and the ESP distribution of all
molecules were carried out with GGA-PBE functional
employing basis set DNP by Dmol® module [12-14] based on
DFT method. SCF calculations were converged tightly (SCF
tolerance: 1x10°Ha; energy: 1x10°Ha; max force:
0.0002Ha/nm; max displacement: 5x10™* nm).

The initial metal lattices were derived from the structural
database of MS software. The simulation of the interaction
between the molecules and the surfaces is carried out in a
simulation box (9.9A x 9.9A x 21.9A) with periodic
boundary conditions to model a representative part of the
interface devoid of any arbitrary boundary effects. During
molecular simulations, the metal systems were all kept
“frozen”, and the absorbed molecules were allowed to
interact with the metal surfaces freely.

It was found that Cu (111), Fe (110) and Al (111) were the
most stable surfaces of the corresponding crystal structure.
The selected surfaces in the paper were shown in figure 1.
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Figure 1. Structure of selected metal surfaces.

The interaction energy, Eiyeracion DetWeen the metal surface
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and the adsorbed molecule is calculated according to the
following equation (1) [15]:

E interaclion:Elotal - (E surface+E molecule) ( 1 )

In which Ei, is the total energy of the simulation system,
Eguace 1S the energy of metal surface, and Eecue 1S the
energy of the stabilized absorbed molecules.

2.2. Model Compounds

As is well known that gasoline is a mixture mainly
composed of olefins, paraffins, naphthenes and aromatic
hydrocarbons whose carbon number was 4~12. But in this
work, in order to make the metal surfaces consistent, ethane
whose carbon number is as same as ethanol was selected as
the representative conventional gasoline model compound, to
study the differences in adsorption properties, between
ethanol gasoline and conventional gasoline molecules.
Studies have shown that ethanol gasoline is prone to make
oxidation reaction, and during which the ethanol molecule
was oxidized through different reaction paths to produce
some key intermediates such as acetaldehyde or acetic acid.
The structure of model compounds was shown in figure 2.
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(a) Conventional gasoline (b) Ethanol
(c) Acetaldehvde (d) Aceticacid

Figure 2. Structure of model compounds in ethanol gasoline.

3. Results and Discussion

Adsorption is the adhesion of a gas or solute on a solid or
liquid surface. The chemisorption process has the formation
and destruction of chemical bonds, whose adsorption heat is
relatively large, and need to be carried out under high
temperature. This process is selective. Physical adsorption is
the adsorption caused by intermolecular interaction without
selectivity which is generally carried out at low temperature,
low speed. And the adsorption heat is relative lower. Here the
physical adsorption behavior will be studied based on
molecular dynamics method and then further analysis will be
made with quantum method i.e. DFT theory.

3.1. MD Calculations

3.1.1. Conventional Gasoline

After molecular dynamics simulation, the physical
adsorption equilibrium conformation of conventional
gasoline molecule and ethanol and its oxidation intermediates
on different metal surfaces was carried out shown in figure 3
to figure 6. As can be seen from figure 3, the ethane
molecules were all adsorbed on the three metal surfaces in a
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horizontal and tiled form without chemical interaction.
Moreover, the distance from the absorbed molecule to the
three metal surfaces is relatively close.
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Figure 3. Physical adsorption conformation of conventional gasoline on
metal surfaces.

Furthermore, the adsorption energy was calculated. The
results were listed in table 1. It was indicated that the
interaction energy of ethane and iron surface was the biggest,
followed by copper and aluminum surfaces. From a
numerical point of view, the adsorption energy on iron
surface was -99.93 kJ/mol, which is mainly contributed by
van der Waals force (-96.97 kJ/mol). The corresponding
electrostatic energy is relatively few (-2.95 kJ/mol), although
it is the strongest value among the three metal surfaces. The
other two total interaction energy were both composed of van
der Waals and electrostatic, which were -50.86 kJ/mol and
-44.94 kJ/mol respectively.

Table 1. Interaction energy of physical adsorption for conventional gasoline
(Unit: kJ/mol).

Interaction energy Cu Fe Al

Evan der Waals -49.17 -96.97 -43.29

B it -1.69 -2.95 -1.66
_Eoal -50.86 -99.93 -44.94

Conventional gasoline molecules will also have a certain
adsorption effect on different metal surfaces. Even if it is
physical adsorption, the adsorption capacity of ethane
molecules on iron surface cannot be ignored. With the
continuous wash and immersion of gasoline, the metal
surface will inevitably be corrosion to a certain extent.

3.1.2. Ethanol

After MD calculation, the adsorption conformation of
ethanol molecule on each metal surface was obtained shown
in figure 4. It can be seen from that the distance between the
gasoline molecule and the metal surface is also far away
without chemical bond formed. The skeleton of the ethanol
molecule and its hydroxyl group at the tail both laid on the
metal surfaces with as much contacted area as possible. The
adsorption conformation of the ethanol molecule is very
similar.
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Figure 4. Physical adsorption conformation of ethanol molecule on metal
surfaces.

The interaction energy of ethanol molecule on each surface
was calculated. The results were listed in table 2. In contrast,
among the three metal surfaces, the adsorption capacity of
ethanol molecule on iron surface was also the strongest
which was the same as that of ethane molecule. It may be
related with the specific crystal structure of the iron surface
which was more likely to make adsorption effect with the
organic molecules.

Specifically, it was indicated from the values in table 2, the
adsorption energy between ethanol molecule and metal
surfaces was also contributed by van der Waals. In addition,
the interaction energy of physical adsorption for ethanol on
different metal surfaces was about 10~30 kJ/mol higher than
ethane molecule, which may depend on the hydroxyl group
in ethanol molecule. The higher part than ethane molecule is
also mainly provided by van der Waals.

Thus, due to the introduction of ethanol to gasoline, the
effect of ethanol gasoline on metal surfaces was more
seriously than the conventional gasoline, to which some
attention should be given during the storage, transportation
and use in engine.

Table 2. Interaction energy of physical adsorption for ethanol (Unit: kJ/mol).

Interaction energy Cu Fe Al

Eyan der Weals -56.62 -118.42 -53.08

15 esnins -2.08 -3.68 -2.10

Eioal -58.71 -122.10 -55.17
3.1.3. Acetaldehyde

It has been reported that acetaldehyde is one of the
important oxidation intermediates of ethanol. This substance
is inevitably produced during the use of ethanol gasoline, so
when ethanol gasoline comes into contact with the metal
surface, there must be trace amounts of acetaldehyde
molecules interacting with the metal surface at the same time.

With the same calculation method, the physical adsorption
conformation of acetaldehyde on metal surfaces was given in
figure 5. Similar to ethanol molecule, the oxygen-containing
functional group in acetaldehyde molecule, i.e. the aldehyde
group, is as close to the metal surface as possible, leading to
the final stable adsorption conformation.
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Figure 5. Physical adsorption conformation of acetaldehyde on metal
surfaces.

The specific adsorption values were calculated in table 3.
It could be obviously found that the interaction energy of
physical adsorption for acetaldehyde on the studied metal
surfaces more approach to that of ethanol. However, the
interaction of acetaldehyde on copper or iron surface was just
few lower than ethanol, which may have something to do
with the fact that the acetaldehyde molecule has two fewer
hydrogen atoms than the ethanol molecule.

Table 3. Interaction energy of physical adsorption for acetaldehyde (Unit:
kJ/mol).

Interaction energy Cu Fe Al

Evan der Waals -46.05 -117.44 -57.43

Dz s -2.04 -3.59 -2.05
_Ei -48.09 -121.04 -59.49

For physical adsorption, the size of the interaction area or
the number of interaction sites may be critical to the
adsorption strength. And on the other hand, unlike ethane
molecule, both ethanol and acetaldehyde molecules both
contain oxygen atoms, which are known to be more
electronegative than carbon or hydrogen atoms, making the
molecules more polar. This may be another important factor
for strong adsorption.

3.1.4. Acetic Acid

At the same time, it has been pointed out that acetic acid is
a key oxidation product in the further oxidation of ethanol
molecule, and its molecule contain acidic carboxyl groups, so
it is necessary to study the physical adsorption behavior of
acetic acid molecules on different metal surfaces. It will
provide theoretical basis for the safe and reliable circulation
and use of ethanol gasoline.

With MD method, the physical adsorption conformation of
acetic acid on metal surfaces was listed in figure 6.
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Figure 6. Physical adsorption conformation of acetic acid on metal surfaces.
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It was demonstrated that the skeleton of the acetic acid
molecule, especially the carboxyl functional group, is almost
tiled adsorbed on the metal surfaces. In order to maintain the
conformation in space, the hydrogen atoms in the molecule
almost remain in their own structural shape, which is not in
full contact with the metal surfaces. At present, the physical
adsorption is studied, and the interaction between the
electrons at the chemical level is not considered. The
physical adsorption conformation of acetic acid molecules on
different metal surfaces is particularly similar.

The physical adsorption energy of acetic acid molecules on
different metal surfaces was listed in table 4. By comparison,
the interaction energy of acetic acid on the iron surface is the
highest, among which, the van der Waals interaction energy
is -150.84 kJ/mol and the electrostatic energy is -4.26 kJ/mol.
However, the adsorption energy of acetic acid on the copper
or aluminum surfaces is -80.89 kJ/mol and -70.47 kJ/mol
respectively, among which the electrostatic energy also
account for a small share.

Table 4. Adsorption energy of acetic acid on metals (Unit: kJ/mol)

Interaction energy Cu Fe Al

Evan der Waals -77.89 -150.84 -68.02

Ee]eclroslalic -2.41 -4.26 -2.45
_Euw -80.31 -155.10 -70.47

As to the physical adsorption of the same molecule on
different metals, the adsorption interaction on the iron surface
is stronger than that on other surfaces, whether it is the
conventional gasoline molecule, the ethanol molecule or its
oxidation intermediates. Thus, iron surface is the most
vulnerable to oil corrosion. Iron materials should be avoided
for oil system. In addition, with the deepening oxidation of
ethanol gasoline, the effect of oxidation intermediates on
metal surface is stronger than conventional gasoline
molecules or even ethanol molecule. Therefore, the oxidation
stability of ethanol gasoline should be paid more attention to.

3.2. Quantum Calculations

D &

(b) Ethanol

(a) Conventional Gasoline

(c) Acetaldehyde

(d) Acetic acid
Figure 7. The ESP distribution of the absorbed molecules.
The physical adsorption between oil molecules and metal

surfaces produces a weak interaction. The adsorption
conformation and capacity depend on the structure and
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properties of the adsorbed molecules when the metal surfaces
are the same. The ESP (electrostatics potential) distribution
on the absorbed molecules is one of the key factors affecting
the weak interaction. Thus, the ESP distribution of the
adsorbed molecules was obtained by the property analysis
with Dmol’ program, shown in figure 7.

The electrostatic potential values of different surface areas
are shown by different colors. As indicated by the color ruler,
blue represents the negative charge region. It can be seen
from that the electronegativity of ethanol or its oxidation
intermediates is mainly distributed on the O atoms at the
terminal functional groups such as the hydroxyl, the aldehyde
or the carboxyl group. While the electronegativity of the
conventional gasoline molecule is not obvious.

The ESP charge distribution of the absorbed molecules
was calculated in figure 8. It was indicated that the ESP
charge of C atoms in conventional gasoline molecule is
-0.117 e and the charge of H atoms is around 0.038e.
However, the ESP charge of O atoms in ethanol or its
oxidation intermediates is -0.614e, -0.447¢, -0.518¢ and
-0.545e respectively. And the charge of the corresponding
connected C atoms is at around 0.5~0.7e.

It was known that the lower the ESP, the higher the active
molecule is [16, 17]. The strength of O atom sites in ethanol
or the oxidation intermediates is stronger than the atoms in
conventional gasoline molecule. It could demonstrate that the
adsorption interaction energy of the ethanol gasoline on
metal surfaces would be significantly higher than that of
conventional gasoline.

Although the strength of oxygen atom in ethanol was
stronger than that in acetaldehyde or acetic acid, there are
two active sites in acetic acid. The effect of acetic acid on the
metal surface is significantly stronger. However, the carbonyl
group in acetaldehyde is easier to tile on the metal surfaces
than the hydroxyl group in ethanol, so the ultimate
performance is not much different.

(d) Acetic acid

(c) Acetaldehyde

Figure 8. The ESP charge distribution of the absorbed molecules.

According to previous studies, ethanol gasoline is more
prone to oxidation than conventional gasoline to produce
molecules with higher polarity such as aldehydes or acids.
Studies have shown that the ESP charge distribution of the
molecule is more uneven and more likely to adsorb on the

metal surfaces. Then corrosion and other adverse effects on
metal materials may damage the nature of the material itself
or even make it unable to play the normal performance. It is a
potential risk for the normal use of the fuel gun, storage tank,
fuel tank, engine intake systems which the ethanol gasoline
usually contact with. On the other hand, due to the oxidation
of ethanol, the oxidation chain radical reaction of
conventional gasoline molecules may be triggered, and the
oxidation intermediates of ketones, aldehydes or acid with
larger molecular weight will also be produced, thus
worsening the performance of gasoline itself.

4. Conclusion

Using molecular simulation methods, the physical
adsorption behavior of conventional gasoline and ethanol
gasoline on different metal surfaces was investigated which
also considered the oxidation intermediates of ethanol
molecule. According to the interaction conformation and
energy results, it was indicated that the skeleton of the
adsorbed molecule and its functional groups are basically
spread out adsorbed on the metal surfaces.

In the studied metals, iron is the most likely to make strong
physical adsorption with molecules than other surfaces,
whether it is conventional gasoline molecule or ethanol
gasoline molecules. It may be related to the crystal
configuration, coordination, atomic electron distribution and
orbitals distribution of iron surface. The most stable among
the studied surfaces is copper, followed by aluminum. With
the vehicle lightweight development in the future, aluminum
is a reference choice in terms of the weight and stability.

In the oxidation intermediates, due to the presence of
carboxyl group, acid molecule was the most prone to form
relative strong adsorption on the metal surfaces. It was
necessary for ethanol gasoline to add corrosion inhibitors to
avoid the undesirable phenomenon. The physical adsorption
energy of aldehyde or ethanol molecules was few higher than
that of conventional gasoline, but almost at the same level.
Therefore, for ethanol gasoline, we should pay more attention
to its oxidation stability, to avoid further oxidation reactions
of ethanol molecule. Thus, the functional additives,
especially antioxidant, stabilizer, detergent dispersant or
corrosion inhibitor, were critical for ethanol gasoline to make
regular service in storage tank or engine systems.
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