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Abstract

The use of refined used lubricating oils (RULO) is an opportunity for use for the industrial sector, improving the environment. The objective
of the research was to evaluate different RULO/diesel mixtures from the AT80 and AT40C1 treatments. The experiment consisted of
applying different proportions of RULO, forming five different mixtures between ALUR/diesel. The mixes were 85/15, 70/30, 55/45, 40/60
and 30/70. The results showed that the best mixtures were M4 and M5 of the AT80 treatment, with average density of 0.80 g/cm3, viscosity
of 5.83 cP, electrical stability of 1694.33 V, flash point of 95°C and 96.67% oil. With these results, a new alternative and use is created,
reducing diesel and economic costs for the oil industry that prepares oil-based drilling fluids.
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Optimizacion de la mezcla aceite lubricante usado refinado/diésel
para incorporarlo en fluidos de perforacion

Resumen

El aprovechamiento de los aceites lubricantes usados refinados (ALUR), son una oportunidad de uso para el sector industrial, mejorando el
medio ambiente. El objetivo de la investigacion fue evaluar diferentes mezclas de ALUR/diesel a partir de los tratamientos AT80 y AT40C1.
El experimento consisti6 en aplicar diferentes proporciones de ALUR, formando cinco mezclas diferentes entre el ALUR/diésel. Las mezclas
fueron 85/15, 70/30, 55/45, 40/60 y 30/70. Los resultados mostraron que las mejores mezclas fueron M4 y M5 del tratamiento AT80, con
promedios de densidad de 0.80 g/cm?, viscosidad de 5.83 cP, estabilidad eléctrica de 1694.33 V, punto de inflamacion de 95°C y 96.67% de
aceite. Con estos resultados se crea una nueva alternativa y aprovechamiento, disminuyendo el diésel y los costos econdmicos a la industria
petrolera que prepara fluidos de perforacion base aceite.

Palabras clave: refinacion; aceite usado; reologia; fluidos de perforacion; reutilizacion.

Arsenic (As) and Lead (Pb) and other harmful chemical
compounds, such as polynuclear aromatic hydrocarbons,

1 Introduction

The refining techniques for used lubricating oils (ULO)
developed in the world are a good strategy for using them and
reducing the environmental impact they represent. As the
essential oil market has grown considerably, the waste stream
has also increased significantly [1]. According to [2], the
management of used lubricating oil is important for the
sustainability of resources, including crude oil, and better
economic, social and environmental benefits. Used
lubricating oils contain Chromium (Cr), Cadmium (Cd),

benzene and chlorine [3]. According to [4], globally, since
2015, lubricating oil consumption averaged 35 million tons
per year.

For economic reasons, recycling used lubricating oil is
more convenient, which is why there are several reuse
methods (filtration, distillation, Extraction, Cracking, co-
cooking, pyrolysis, etc.) for the treatment of used Iubricating
oils; that according [5], can be presented as pyrolytic
distillation, extraction and distillation with liquid propane,
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solvent extraction and filtration with different types of clays

[6].

According to [7], many researchers have successfully
worked on generating energy from several alternative sources,
such as converting some renewable agricultural substances
into fuel. According to [8], the need to find a renewable
lubricant that is safe, environmentally friendly, economical
and that meets the lubrication standards of the drilling
industry becomes imperative. The use of the appropriate
drilling fluid is a crucial part of any successful drilling
operation [9]. These drilling fluids are water-based muds, oil-
based muds and/or synthetic-based muds [10].

In recent years, the development of oil-based drilling
fluids has increasingly attracted attention, particularly for
situations where water-based drilling fluids are ineffective
[11]. Oil-based muds are used for many reasons, some of
which are the ability to withstand higher heat without
decomposing and environmental cost considerations [10].
The objectives of the drilling are to achieve safely, in the
shortest time and at the lowest cost, with the restrictions of
additional evaluation and sampling required dictated by the
particular application [12].

Currently, the attention of researchers has been directed
towards oils generated from vegetable crops, taking great
importance. However, according to [13], the available
biolubricants, the vegetable oil polyols prove to be the most
suitable lubricants for many drilling conditions, although their
application is still very limited. The temperature, pressure,
depth and formation evaluation procedure to be used, the
environmental and ecological impact, costs, are some of the
main factors to consider in the preparation of drilling fluids
[14]. For this, different oils have been used, such as those
extracted from rubber plants [15], from the seeds of the white
star apple (Chrysophyllum albidum) [8]. The disadvantage of
these types of oils is directed towards the volume needed by
the oil sector industries, which is not possible to obtain; On
the other hand, there is a very high volume in the generation
of used lubricating oils [16], which, when refined, could
extend their life cycle in the environment, or use them for the
preparation of oil-based drilling fluids [17].

The present study was carried out from refining through
two treatments, AT80 and AT40C]1 to optimize the mixture
RULO/diesel. As well as the opportunity to use them as an
alternative in the formulation of oil-based drilling fluids. The
above, with the aim of improving its rheological
characteristics, and comparing them with the diesel reference
values, in order to evaluate its efficiency in the parameters:
density, viscosity, electrical stability and flashpoint, and use
them in the formulation of drilling fluids base oil.

2 Materials and methods

The refined used lubricating oils (RULO) used in this
study were collected in different automotive service
workshops, until a batch of 200 L was collected in each of
them. After collection, the oil was deposited in a metal
container (drum) with a capacity of the collected volume (200
L).

The experiment was established in a completely
randomized design with a factorial arrangement, the factors
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Table 1.
Mixture proportions between refined oil and diesel in each treatment.
Proportion
Treatments Rulo (%) Diesel (%)
Untreated oil
Refined oil 100 0
M1 _ATS80 85 15
M2_AT80 70 30
M3_ATS80 55 45
M4_ATS0 40 60
M5 AT80 30 70
Refined oil 100 0
M1 _AT40C1 85 15
M2_AT40C1 70 30
M3 AT40C1 55 45
M4 AT40C1 40 60
MS5_AT40C1 30 70
Source: Prepared by the author
Table 2.
Parameters analyzed in the simples of each proposed refining treatment.
Parameter Units References
% Oil retort mass % APIRP 13B2
% Water retort mass % APIRP 13B2
% Retort solids mass % APIRP 13B2
Density gm c-g° ASTM-D743
Viscosity cP
Electrical stability Volts
Flashpoint ocC ASTM D93-2000

Source: Prepared by the author

studied were: the RULO (AT80 and AT40C1) and the
proportion of diesel at five levels, and three repetitions. The
witness did not receive any of the treatments tested. Once the
assumptions of normality of the resulting data, parametric
tests were performed for the data that met this and non-
parametric tests for those that did not (ANOVA or Kruskal-
Wallis tests respectively). As post-hoc tests, multiple rank
contrasts were applied by Fisher's method (LSD) for normal
data and Bonferroni's multiple rank contrast test for those that
did not comply with normality.

The parameters to be evaluated were established based on
the oil quality requirements for use in the formulation of oil-
based drilling cuttings, which are: oil, water and solids
content per retort, density, viscosity, electrical stability, point
of inflammation. The proportions of refined used lubricating
oil (RULO) were: 85, 70, 55, 40 and 30%. The proportions of
diesel are: 15, 30, 45, 60, 70%. The evaluated mixtures are
shown in Table 1.

2.1 Sample analysis
Table 2 shows the analyzes and methods that were carried
out for each of the RULO refining treatments evaluated in the

present study.

2.2 Analysis of moisture, solids and oil content by the API
RP 13B2 method

To carry out the analysis, an Ofi Testing Equipment Inc.
(OFITE®) complete kit brand evaporation chamber (retort)
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was used, filled with number 0 steel wool to trap the solids
extracted by boiling 10 mL of the sample.

The drainage tube was introduced into the hole at the
lower end of the condenser and the 10 mL test tube was placed
under it and an approximate time of 15 minutes was left until
the distillation finished at 560 °C.

2.3 Density analysis

The ASTM-D854 method was suitable for measuring the
density of oil samples. The analysis consisted of weighing an
empty 10 mL test tube, later it was filled with the oil sample
up to 10 mL and its mass was quantified. By difference in
weight, the mass of the oil was obtained and with the known
volume the density of the sample was calculated. The analysis
was carried out at a temperature of 28 °C.

2.4 Viscosity analysis at 300 RPM

A Model 800 viscometer (Ofi Testing Equipment, Inc)
was used. The team determines the flow characteristics of oils
in terms of speed and tension.

All oil samples were analyzed at 300 revolutions per
minute (RPM) at a temperature of 28°C. The oil samples were
deposited in the stainless-steel cup in which the rotor was
introduced. The flow and stress reading exerted by the ULO
samples was taken using the magnified dial.

2.5 Electrical stability analysis

The analysis was carried out with an Ofi Testing Equipment,
Inc. brand equipment, model ESM-30B with serial No. 2801. The
electrical stability meter automatically applies increasing voltage
(0 to 2000 volts) through a separation of the probe electrodes. This
equipment shows the voltage of the current flowing in the oil
sample. The equipment reading represents the stability of the oil,
the higher it is, the greater the stability of the sample and it is
represented in volts.

2.6 Flash Point Analysis

The determination of this parameter was carried out with
a Koehler brand open cup equipment. The analysis consisted
of filling the cup with the homogenized sample, the cover was
placed on the cup, and then the test flame was lit, the cover
was placed along with the cup in the equipment, then the
equipment was turned on and it was conducted the
measurement of the flash point, and finally the temperature.

3 Results

Fig. 1 presents the density results of the AT80 and
AT40C1 treatments in the 5 mixtures of RULO/Diesel and the
control sample (untreated oil).

The density of the AT80 treatments (refined oil, applying
only temperature) was 0.84 g/cm® and AT40C1 (oil refined
with sulfuric acid and nonylphenol) was 0.87 g/cm?, being
below the control which was 0.89 g/cm®. Although the two
treatments showed a better density compared to the control,
ATSO is still the best treatment.
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Figure 1. Comparison of density results of refined ULO/Diesel mixtures.
Different letters indicate statistically significant differences (Kruskal-Wallis
+ Bonferroni p< 0.05).
Source: Prepared by the author
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From mixture M1 to M4 in the AT80 treatment, the density
values decreased, starting from 0.84 g/cm’, up to 0.80 g/em’,
being slightly above the density of diesel which is 0.78 g/cm®.

The density values in the AT40C1 treatment were from highest
to lowest in the mixtures, starting with 0.85 g/cm?® in the M1 mixture
until reaching a density of 0.81 g/cm® in the M4 mixture. It is
observed that the M5 mixtures of the AT80 and AT40C1 treatments
showed similar behavior. However, they were not considered in the
central tendency lines, because by adding more diesel to the RULO,
the values will be the same as what it presents.

The mixtures M4 and M5 of the AT80 and AT40C1
treatments presented a lower average density with 0.80 g/cm?,
but this did not have statistically significant differences
(P>0.95) with the density of the diesel.

3.1 Viscosity of the RULO/Diesel mixture

The viscosity results of the RULO/Diesel mixtures in the
2 treatments are shown in Fig. 2.

The refined oil from the AT80 treatment presented a
viscosity value of 116 cP, which is slightly below the
untreated oil that showed a viscosity of 117.67 cP and
exceeded the viscosity of diesel which was 2.83 cP.

The viscosity of the refined oil from the AT40C1
treatment was 104.3 cP, a value somewhat higher than that
obtained in the untreated oil which was 102.67 cP but higher
than the value of the diesel which was 2.83 cP.

Untrated oil

120.00

100.00

y = 1.5683e0-0423

80.00 R? = 0.9961

AT80

e AT40C1
60.00

Viscosity (cP)

y = 1.7222¢0.0401x

40.00 R?=0.9942

20.00

Diesel
0.00

0 20 40 60 80

% Refined used lubricant oil

100

Figure 2. Comparison of viscosity results for refined ULO/Diesel mixtures.
Different letters indicate statistically significant differences (Kruskal-Wallis
+ Bonferroni p<0.05).

Source: Prepared by the author
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The viscosities of the mixtures of the AT80 and AT40C1
treatments were in the order of 50.33 cP and decreased to 5.83
cP. The two treatments presented similar viscosities in the
mixtures made, being below the RULO. A direct effect is
observed on the viscosity, as the proportion of diesel over the
RULO increases, it decreases to 5.83 cP in the M5 mixture of
the AT80 treatment, being slightly above the value of diesel,
which is 2.83 cP. This same behavior was shown in the M5
mixture of the AT40C1 treatment, having a viscosity of 6.17
cP.

The M5 mixture of the AT80 and AT40C1 treatments
presented slightly higher average viscosity with 5.83 cP, but
this did not have statistically significant differences (P>0.95)
with the viscosity of diesel.

3.2 Electrical stability of the RULO/Diesel mixture

In Fig. 3, it can be observed that the electrical stability in
the untreated oil was 1147 V, being low compared to the data
presented in the RULO of the AT80 treatment, which was
1697.67 V and that of the diesel which was of 1822.33 V.

The electrical stability of the refined oil in the AT40C1
treatment was 291.33 V, well below the untreated oil which
was 1076.67 V and the diesel which was 1822.33 V.

This same behavior was observed in the AT40Cl1
treatment mixtures, starting with a value of 153.33 °C in the
M1 mixture and ending at 88.33 °C which is equal to the result
of diesel which was 88.33 °C.

The mixtures of the AT80 and AT40CI1 treatments
presented similar average flashpoints, starting in a range of
153.33 to 88.33 °C with statistically significant differences
(P>0.95) with the flashpoint of diesel.

The M1 mixture of the AT80 treatment has an electrical
stability of 1536 V, being slightly above the value of the M2
mixture, which was 1521.67 V. The M3 mixture increased
considerably, reaching 1874 V, being above the value
obtained from the diesel, which was 1822.33 V. The M4 and
M5 mixtures had a decreasing trend with a value of 1748.33
and 1694.33 V, being below the value of diesel.

In the AT40C1 treatment, from mixture M1 to M5 there
was a trend of decrease in electrical stability, in a range from
233 V to 150.67. These values were below the diesel value,
which was 1822.33 V.

2000

Diesel
1800 b

ab

1600 ab

[
>
S)
[s]

1200 Untrated oil

1000
AT80
e ATA0C1

800

Electrical Stability (V)

600
400 e

200 a

50 60 70
% Refined used lubricant oil

90 100

Figure 3. Comparison of the electrical stability results of the RULO/Diesel
mixtures. Different letters indicate statistically significant differences
(Kruskal-Wallis + Bonferroni p<0.05).

Source: Prepared by the author
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In terms of mixes, the best value is presented by M3; and
with respect to the best treatment, the best results were
obtained by AT80. The M3 mixture of the AT80 treatment
presented a higher average electrical stability with 1874 V,
having a statistically significant difference (P>0.95) with the
value of diesel.

The mixtures of the AT40CI treatment presented similar
averages of electrical stability in the order of 233 to 150.67 V,
with statistically significant differences (P>0.95) with the
electrical stability of diesel.

3.3 Flash point of the RULO/Diesel mixture

Fig. 4 shows the flashpoint results of the RULO and diesel
mixtures made in the treatments and of the untreated oil.

The flashpoint (point at which the material ignites) in the
untreated oil of the AT80 treatment has an average of 231.37
°C. This result is above the value presented by the untreated
oil of the AT40C]1 treatment, which was 226.67 °C.

The refined oil from the AT80 treatment obtained a
flashpoint of 236.67 °C, higher than that presented by the
RULO from the AT40C1 treatment, which was 178.33 °C.
The flashpoint results went from high to low, as the
proportion of diesel increased in the mixtures of the AT80 and
ATA40CI treatments.

In the AT80 treatment mixtures, it started at 163.33 °C in
the M1 mixture, and ended at 95 °C in the M5 mixture, being
slightly above the diesel value which was 88.33 °C.

3.4 Percentage of solids,
RULO/Diesel mixture

oil and humidity of the

Fig. 5 shows the results found of the percentages (%) of
solids, humidity and oil of the RULO and diesel mixtures of
the AT80 and AT40C1 treatments, in addition, the value of
untreated oil and refined oil is included as a reference.

The RULO from the AT80 treatment had a solids content
of 6.50%, with 2.33% humidity, and 91.17% oil. The RULO
from the AT40C1 treatment had a solids content of 5.67%,
with 5.33% humidity, and 89 % of oil. Based on the results
obtained, the best treatment was AT80. But the results found
were far below those obtained in the untreated oil from the
AT80 and AT40C]1 treatments, which were 12% humidity,
75% oil and 13% solids.

250 £
Untrated oil

200
ATBO

150 | AT40CL T e

Flash point ( °C)
v

100 |Diese

v =0.0099¥ + 0.0034x + 79.403
R?=0.9968

30 40 50 60 70
% Refined used lubricant oil
Figure 4. Comparison of flashpoint results for refined ULO/Diesel mixtures.
Different letters indicate statistically significant differences (Kruskal-Wallis
+ Bonferroni p<0.05).

Source: Prepared by the author
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Figure 5. Behavior of the percentage (%) of solids, oil and in the different
treatments evaluated.
Source: Prepared by the author

The mixtures of the AT80 treatment presented zero
humidity, increasing the percentage of oils in the range of
91.33% to 96.67%. The solids were in the order of 3.33% to
8.67%, with mixture M3 being the one with the highest
percentage of solids.

In the AT40CI1 treatment, the mixtures presented humidity
percentages ranging from 0 to 2%. The oil results were from
88.33% to 97.67%, while the solids results were from 2.33 to
10.67%, with mixture M1 being the one that presented the
highest oil percentage value.

The percentages of moisture, oil and solids found in the
mixtures of the AT80 and AT40C1 treatments were higher
than those found in the diesel.

4 Discussion

The density results of mixtures M4 and M5 of the AT80
and AT40CI1 treatment are the lowest. However, the mixtures
M4 and M5 of the AT80 treatment were the best, having
density averages below those obtained in the mixtures M4 and
MS5 of the AT40C1 treatment and slightly above the density
presented by the diesel, which was 0.78 g/ cm’, a value lower
than that obtained by [18] which was 0.83 g/cm? in a diesel.

In their study [8], they reported densities in vegetable
biodiesel that range between 0.85 g/cm?® to 0.91 g/cm?, values
that were higher than those obtained in the mixture M4 and
M5 of the AT80 treatment, which were 0.84 g/cm?, up to 0.80
g/cm’. In another investigation [1] reported density of diesel
mixtures with vegetable oils in the order of 0.85 to 0.86 g/cm®
values that were higher than those found in the mixtures of the
AT80 and AT40C]1 treatments, results that were also below
the found by [19] in a mixture of lubricating oil with an
additive composed of zinc that was 0.88 g/cm’.

With respect to viscosity, the mixtures of each of the AT80
and AT40C1 treatments showed a decrease as the proportion of
diesel in the mixtures with RULO increased, starting with values
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of 50.33 cP to 5.83 cP, slightly above the viscosity of the diesel
which was 2.83 cP. These results were below those reported by
[12] with 65 cP in oil-based drilling fluids. In their research [7],
they found viscosity values in mixtures of diesel and sesame oil
from 3.28 cP to 4.34 cP, and while [20], they obtained values of
1.93 cP in mixtures of diesel with biodiesel and ethanol, values
lower than those found in the mixtures of the AT80 and AT40C1
treatments of the present investigation. The flash point in the
AT80 and AT40C1 treatment mixtures showed a decrease in the
M1 mixture from 163.33 °C to 88.33 °C in the M5 mixture, as the
proportion of diesel increased. These results were above those
obtained by [21] who obtained a flash point at 57 °C in a mixture
made with lubricating oil and diesel; while [19] found it at 210 °C
in a mixture of lubricating oil and a zinc additive, above those
found in this study. In the research carried out by [12], the
aforementioned authors mention that the flash point of a base oil
for drilling fluids is 66 °C, and of a biodiesel at 160 °C [22], being
below those found in this research.

In the electrical stability results, a considerable increase is
observed from the M3 mixture with a maximum value of 1874 V,
being above the diesel, which was 1822.33 V, decreasing slightly
from the M4 and M5 mixtures with a value of 1748.33 V and
1694.33 V. These values represent greater electrical stability than
those found by [10] with values of 480 V, the same as [23], which
was 610 V in drilling muds, lower values than those obtained in
this studio. In their research [11], they mention that by increasing
the additives in the drilling fluids, electrical stability was obtained
in a range of 731 V to 1054 V, while [12] mention that in a basic
oil for drilling fluids, the electrical stability must be above 400 V,
results that are still below those found in this work.

The percentage of solids, humidity and oil were lower in
the RULO of the AT80 and AT40C1 treatments. The M4, M5
mixtures of the AT80 and AT40C1 treatments showed
considerable benefits, obtaining the best results in the order of
96.63% to 97.33% of recovered oil.

5 Conclusions

The AT80 and AT40Cl treatments applied to used
lubricating oils improved their quality, the best values were
obtained for the AT80 treatment. Although these results could
be supported with future studies on these same tests.

The proportion of diesel in the different RULO mixtures
had a direct effect on its properties, influencing the results.

The M4 mixture of the AT80 treatment in a proportion of
40% RULO and 60% diesel, turned out to be the best in this
study, obtaining values similar to those presented by diesel.
Results that are very encouraging to be able to venture into
the preparation of oil-based drilling fluids.

From a technical, economic and environmental point of
view, this creates a new alternative, reducing the
environmental impact that these wastes represent. This new
use would lengthen the life cycle of this waste, using less
diesel and reducing the economic cost to oil companies that
are dedicated to the preparation of oil-based drilling fluids.
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