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Abstract The paper proposes the development of advanced, integrated
technologies for materials with properties of adsorbents (e.g. bentonite),
and the use of these material in processes of used oil recovery with
remediation effect and energy recovery. The main objective is to replace
diesel fuel, which is an expensive fuel, with revitalized oils for energy
production. For these, laboratory experiments are required in two
important directions. The first tests are related to the determination the
optimum concentration of bentonite for removal of metals from used oil.
The revitalization of the used oil leads to the protection of the combustion
plant, to the increase of its lifetime and polluting emissions reduction. The
second set of experiments relates to the determination of energy
characteristics of used oil and revitalized used oil for energy production.
Elemental analysis, lower heating value, viscosity, density and ash analysis
were determined. Experimental test of combustion process on a small scale
boiler has been done and the results shows an improved combustion
process of revitalized oil compares with used oil and the decrease of the
pollutant emissions.

1 Introduction
Environmental pollution is a topical issue and trying to obtain non-polluting fuels or to
recover waste materials for energy purpose concerns many researchers today. It is
necessary to solve the problem of waste oil from road vehicles according to DIRECTIVE
2008/98/EC on waste and the national legislation in force: Decision no 235 of 7 March
2007. The legislation provides all operations by which waste oils transferred from the
holder to the economic operators who can collect, recover or eliminate those oils or use
them as fuel with adequate heat recovery. The present research studies the problem of waste
oils from the automotive industry and the possibility of their regeneration with energy
recovery. Motor oils are used to lubricate the components of the engine assembly and the
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essential properties of it are: Greasing/lubrication to reduce friction between moving parts,
cooling of the parts with which it comes into contact, especially the piston, cleaning of the
parts on which residues of the combustion process are deposited (e.g. cylinders, segments,
piston), protection against chemical corrosion of engine parts. The used motor oils are
contaminated by contaminants and impurities resulted from undesirable oxidation
processes: sediment, water, metallic particles and degraded additives [1]. There are several
methods to remove these contaminants. The technology proposed in the present research is
aimed for the process of revitalization of residual oils from motor engines by contacting
them semi-dynamic, with natural/modifies nanostructured compounds [2]. In this regard we
choose bentonite as nanostructured material. Bentonite powder plays an important role in
the regeneration and clarifying of wastes [3]. Research regarding the wastewater treatment
using bentonite clay due to chemical composition and crystal morphology, which are
indicative of effective physicochemical adsorption [4] shows that the structural
configuration (octahedral and tetrahedral) is effective in sorption by intercalation of the
turbid materials (heavy metals) onto the sheets and porous surface of the bentonite clay.
Bentonite has also been reported to have a high adsorption capacity for heavy metals due to
its high specific surface area, small particle size, high porosity and high cation exchange
capacity [5] The adsorption technique has been found to be superior to the other techniques
for removal of heavy metals, in terms of cost, flexibility, simplicity of design, ease of
operation, insensitivity to toxic pollutants and better removal efficiency [6].

2 Experimental determinations
2.1. Materials and methods
Samples analyzed are two types of used motor oils: one comes from an spark-ignition
engine from a Renault vehicle brand, Symbol model, 1589 cm3 cylinder capacity,
manufactured in 2008, and the other from a compression-ignition engine from a
Volkswagen vehicle brand, Passat model, 1989 cm3 cylinder capacity, production year
2008.
As material for regenerating the used oil, activated Bentonite has been used. Activated
bentonite is obtained by processing the crude bentonite Al2O3∙4SiO2∙4H2O exploited from
the calcium bentonite quarry from Orasu-Nou, activated by a specific process. Due to the
many physical and chemical properties such as high water absorption capacity, high ion
exchange capacity, high intercrystalline swelling in aqueous medium and high plasticity,
bentonite can be appropriate for contaminants removal. The purpose of using bentonite in
this experiment is related to its absorption capacity of the contaminants and regeneration of
the waste motor oil Technical characteristics of bentonite are: Maximum granulation: rest
on sieve Ø 0,063 mm - max.25% bulk density: 800-850 kg/m3, humidity: max. 10% pH:
min.8, bentonite number: min. 0,85.
2.2 Physical and chemical characterization of used oil
The physico-chemical characteristics of motor oils change as a result of their exploitation
[3]. The operating conditions lead to pollutants accumulation in the oil that change the
quality of engine oil. Analyzes on density and viscosity of the different kind of motor oils
(raw and used) were performed. Three samples have been considered: raw motor oil, waste
oil from spark-ignition engine and waste oil from a compression-ignition engine
The carbon (C), nitrogen (N), hydrogen (H) and sulphur (S) contents of the waste motor oil
samples were determined by a CHNS elemental analyzer EA 1110. Determinations were
performed at ICEMENERG. The Lower Heating Power was determined according to
ASTM D240-17;
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Fig.1 Elemental analyzer EA 1110

2.3. Regeneration of used oil using bentonite
The regeneration was done on used crude MAC oil. Different amounts of bentonite (20g,
40g, 60g, 80g, 90g) were added in a volume of 400 mL of used oil. Each sample was
homogenized for 2 weeks, 8 hours per day at room temperature and 300 rpm. Samples were
taken from each set of experiments having different amounts of bentonite in order to
quantify the amount of metal adsorbed by bentonite. The analysis of heavy metals was
carried out by heat treatment of the samples at 800°C and the resulting ash was taken up for
atomic absorption analysis.
2.4 Tests for combustion processes
The experimental researches were conducted in the Combustion laboratory of the
Department of Thermodynamics, Engines, Thermal and Refrigeration Equipment, Faculty
of Mechanical Engineering and Mechatronics of Politehnica University of Bucharest.

Fig. 3 burnerAnyo-12

Fig 2 Experimental pilot boiler of 55 kW
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Fig. 4 Flue gas analyzer
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MAXILYZER NG

For combustion tests a pilot boiler of 55 kW has been used. The boiler is equipped with a
special burner for liquid which ensures the preheating of the fuel up to 80°C, temperature
imposed by the high viscosity of the analyzed fuel.
For the tests, used diesel oil and regenerated used diesel oil after treatment with bentonite
(P1 with 20g bentonite) has been used. For comparison of combustion process, we also
used diesel fuel. During the experiments the pollutant emissions from the flue gases has
been analyzed using a Maxilyser NG gas analyzer.

3. Results and discussion
High viscosity of used motor oil determined during the experiments (see table 1) imposes
the necessity of used oil preheating for the combustion process.
Table 1. Viscosity and density of motor oil
Type of sample /property
1.
2.
3.

Temperature, t
°C
75
75
75

Raw motor oil
Used oil from spark-ignition engine
Used oil from compression-ignition engine

Viscosity
𝐸
2,4
2,6
2,7

Density, ρ
Kg/m3
840-850
870-880
840-850

The results of the elemental analysis are presented in the table below:
Table 2 Elemental analysis of the used oil

Type of sample
Used oil from spark-ignition
engine
Used oil from compressionignition engine

C
%

H
%

N
%

S
%

LHV
MJ/kg

83,56

13,77

0,41

0

41,96

84,12

14,29

0,33

0

42,33

The composition of the used motor oil and the value of LHV is comparable with liquid
fossil fuel as diesel fuel and this recommends it for energy recovery.
The analysis of ash content resulted after thermal treatment of used motor oil with different
amount of bentonite in order to quantify the amount of metal adsorbed are presented below.
Table 3 Ash content analysis results - by atomic absorption analysis (AAS)

Amount of sample [g]

P5
90 g

P4
80g

P3
60g

P2
40g

P1
20g

1.367
98.76
7.198
0
0
5.693

1.275
74.58
3.563
0
0
2.39

0.86
72.26
3.156
0
0
1.810

0.432
46.38
3.01
0
0
1.430

0.203
45.88
2.233
0
0
0.943

Metals content [mg/g]
Cu
Zn
Fe
Cd
Pb
Ca

From the analysis of the results, we find that the sample P1 had the lowest content of metals
so we chose this sample for the combustion experiments. Also regarding the possibility of
removal of heavy metal content by adsorption on bentonite material, using the lowest
amount of bentonite conducted to the highest adsorption of heavy metals from used oil.
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The combustion process of the sample P1 was analyzed in terms of pollutants emissions
and efficiency of the process and the results are presented below:
Table 4 Result of the combustion experimental tests
Type of fuel tested

O 2*
%
6
6

CO
ppm
2869 - 3034
5032 - 5073

CO2
%
8,7
10

Diesel Fuel
Raw Waste diesel oil
Regenerated waste diesel oil with
6
4146 - 4158
10
bentonite
*All samples were corrected for standard oxygen concentration of 6%

NOX
ppm
24 - 29
59 - 64

Tevac
°C
192
224

54 - 58

231

The concentration of CO in flue gas is high because we used a burner design for CLU
combustion coupled with a natural circulation boiler, strongly cooled and the burner's
thermal power is lower than the furnace thermal power. It is mentioned that CO emitted in
the flame does not burn below the temperature of 750 C, the temperature reached only in
the final part of the furnace. Considering all this, it is recommended a boiler with chamotte
insulation, uncooled which due to high combustion temperature will significantly reduce
the final CO emissions. Analyzing the results of the combustion process, we note that the
used oil regenerated with bentonite has better performance compared to raw used oil with a
decrease of CO emissions of about 18%.

a

b

c

Fig. 5. Aspect of flame in the burning process
a. diesel oil; b. raw used oil; c. regenerated used oil

Due to the low volatile matter content of the used oil motor the flame presents pulses and a
longer length than the reference flame (diesel oil). It is noted that the regenerated oil has
attenuated pulses comparing with raw used oil and the ignitions closer to the spray nozzle.
The use of bentonite as a material to regenerate used engine oils proves to be an effective
solution in lowering the metal content and improving the combustion process.
The reducing of metals concentration in used oil influence directly the burner lifetime by
protecting the spray nozzle.
Improvement of the combustion process was achieved by higher flame stability and lower
CO emissions. We expect that by better adaptation of the burner-furnace assembly to
increase the efficiency of the combustion process
The results can be extrapolated to other types of used oils such as oils from the energy
industry or waste oils from the food industry
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