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ABSTRACT

In the Republic of Sakha (Yakutia) there are many winter roads
for transportation of food and essential goods. As a rule, vehicles
are running on a diesel fuel on such roads. Despite the difficulties
in operating diesel vehicles under extremely low temperatures,
diesel vehicles are much more powerful and economical than
gasoline ones. Problems with start and operation of a diesel engine
are associated with low-temperature properties of diesel fuel. The
process involved in refining oil to create a winter class diesel fuel
is expensive and complex because paraffinic hydrocarbons must
be removed.

Therefore, today it is important to produce winter classes of
diesel fuel by compounding a pour point depressant and a summer
class of fuel. When using additives, problems arise with the choice

of their concentration. Those limits that the manufacturer
recommends in real life show a negative result.

There is no wide range of those additives in Yakutia so the
authors chose for experiments Dewaxol additives that diminish
sedimentation during fuel transportation. So, during the study of
the impact of Dewaxol additive, that contained amides and imides
of mono- and dicarboxylic acids on the diesel fuel, it was considered
how, at various concentrations of the additive and the heating
temperature of fuel, the cloud point decreases, and sedimentation
stability improves. The least squares method has allowed describing
optimal concentration of pour point depressant. The study resulted
in the conclusion that the fuel with a high content of depressant-
dispersant additive has the best sedimentation stability.
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INTRODUCTION

The Republic of Sakha (Yakutia) occupies
the vast territory of the North-East of the Russian
Federation. Many settlements are located in the
Far North area. The complex transport and
logistics system of the Republic involves delivery
of vital and essential goods in summer by
navigation, and in winter by snow-and-ice roads.

Large trucks, special road construction
vehicles are equipped with an internal combustion
engine running on diesel fuel. Diesel vehicles are
used off-road in the Far North due to their
powerful and easily controlled traction [1].

The use of low-quality diesel fuel affects
performance of equipment in the North, for
example, in case of unsatisfactory quality, the
fuel complicates the operation of the high-
pressure fuel pump and significantly increases
fuel consumption. Therefore, the problem arises
of improving performance of diesel fuel in the
cold period [2].

Starting a diesel engine in winter is
complicated by negative temperatures, which
affect solidification and turbidity of fuel [3]. The
low temperature properties of diesel fuel are
characterised by formation and growth of
H-paraffin crystals, which affects operation of
filter elements, fuel line and fuel tank. As world
experience shows, the most cost-effective and
less energy-consuming is the use of depressant
additives, the use of which is reflected in the
works of the authors [4-15].

The most important point in the use of
additives is to determine optimal concentration
of the additive.

The objective of the study described in the
article was to determine optimal concentration
of Dewaxol 7801 pour point depressant
converting summer diesel into winter diesel fuel.

RESULTS
Materials and Methodology

Dewaxol 7801 contains copolymers and
surface active substances (surfactants, SAS). The
concentrations of the Dewaxol 7801 additive for
the study were taken in the following volume:
0,05 % wt., 0,1 % wt., 0,2 % wt. The technology
of compounding the additive with fuel was as
follows: fuel was heated to 40, 50, 60°C, the
additive to 30°C, and components were mixed
in a mixer with a bowl.

A total of nine samples were prepared:

» Sample Ne 1. Additive concentration 0,05 % wt.,
diesel temperature 40°C.

» Sample Ne 2. Additive concentration 0,1 % wt,
diesel temperature 40°C.

* Sample Ne 3. Additive concentration 0,2 % wt.,
diesel temperature 40°C.

* Sample Ne 4. Additive concentration 0,05 % wt.,
diesel temperature 50°C.

 Sample Ne 5. Additive concentration 0,1 % wt.,
diesel temperature 50°C.

* Sample Ne 6. Additive concentration 0,2 % wt.,
diesel temperature 50°C.

*» Sample Ne 7. Additive concentration 0,05 % wt.,
diesel temperature 60°C.

* Sample Ne 8. Additive concentration 0,1 % wt.,
diesel temperature 60°C

* Sample Ne 9. Additive concentration 0,2 % wt.,
diesel temperature 60°C.

Table 1

Cloud point of diesel fuel with Dewaxol depressant-dispersant additive 7801 at fuel heating
temperatures up to 40 °C, 50 °C, 60 °C [performed by the authors]

Additive concentration, % wt.

Temperature of fuel preheating

40°C [ 50°C [ 60°C
Cloud point of fuel,°C

0,05 -6

0,1 -8

02 -5

0,05 9
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Pic. 1. Graph of the correlation dependence of cloud point on concentration of Dewaxol 7801 of samples 1, 2 and 3 [performed by the authors].

Sedimentation was measured by the method
of long-term determination of sedimentation
stability.

Experimental Part of the Study

For the experimental part of the study, we
took summer diesel fuel, which consisted of 25 %
paraffinic, 50 % naphthenic, 15 % aromatic
hydrocarbons.

The results of testing samples of diesel fuel
with Dewaxol 7801 are shown in Table 1.

The graphs 1-3 show that the maximum
cloud point depressant effect is achieved at
0,1 % wt. of Dewaxol 7801 additive in diesel
fuel, and it is of interest that such a reaction
occurs in all heated samples. But the cloud point
was especially reduced when diesel fuel was
heated to 60°C.

When determining sedimentation stability
during long-term storage, fuel samples with an
additive concentration of 0,05 % wt. and
0,1 % wt. showed stratification of fuel. Moreover,
the heating temperature of the fuel did not affect
the stability. The best sedimentation stability was
shown by fuel samples with an additive
concentration of 0,2 % wt.

DISCUSSION

Studies have shown that with an increase in
concentration of the additive, sedimentation
stability improves. The reason for this behaviour
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is that the dispersant allows the H-paraffins to be
suspended.

During the study, a regularity was observed:
with an increase in heating temperature of fuel,
the cloud point temperature decreased as much
as possible. This behaviour of the fuel can be
explained by the principle of action of the
additive. The depressant molecule prevents
convergence, crystallisation and increase in the
size of H-paraffins [6]. In the heated fuel, the
paraffins completely dissolved and therefore
received the maximum depressant effect.

This can also be explained by the fact that
high density and viscosity of the depressant-
dispersant additive in well-heated fuel decreased
even though the additive was also heated to 30°C,
and as a result, good compounding of the additive
with the fuel was obtained.

Therefore, the cloud point temperature
decreased as much as possible at a fuel heating
temperature of 60°C, when the paraffins were
maximally dissolved.

The dispersant molecule contains a long
hydrocarbon functional group, which forms an
electric charge on the surface of newly formed
crystals; subsequently, these molecules repel
each other.

CONCLUSIONS
Based on the foregoing, it can be concluded
that the maximum depressant effect is achieved
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Pic. 2. Graph of the correlation dependence of cloud point on concentration of Dewaxol 7801 of samples 4, 5 and 6 [performed by the authors].
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Pic. 3. Graph of the correlation dependence of cloud point on concentration of Dewaxol 7801 of samples 7, 8 and 9 [performed by the authors].

at a fuel heating temperature of 60°C, the
concentration of the additive at which it is
possible to obtain a decrease in the cloud point
is 0,1 % wt., the sedimentation stability of the
fuel is achieved at a high additive concentration
0of 0,2 % wt.
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