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The article presents results of research regarding the possibility of changing the properties of rapeseed oil thanks to applying diverse press
techniques. The main objective of the study was to determine the impact of press parameters and the process of its cleaning on performance
and contents of fatty acids in order to get the best parameters of rapeseed oil for fuel purposes. To analyse the ecological diesel engine,
analysis shows the results of the quantities of impurities (phosphorus compounds, iodine and water). The research was conducted for oil
obtained from six varieties of rapeseed. The parameters of press techniques have a small impact on the contents of individual fatty acids.
However, changes of the content of the chemical compounds are dependent on the press parameters to a large extent.
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INTRODUCTION

In the past few years European Union member states have been progressively attempting to generate and use
energy from renewable sources. Great emphasis is currently being placed on reducing the emissivity of transport, which
to date was mainly dependent on crude oil. Consequently studies are being carried out as to the application of diverse
fuels for diesel engines to enhance ecological properties. A considerable share is constituted by research on the application
of plant fuels for diesel engines (Lotko, 2006; Cisek, 2012; Lotko, 2005; Yunus Khan et al., 2014). The basic technical
problem in the universal application of rapeseed oil as fuel is constituted by differences of properties as compared to
diesel (Mahmudal et al., 2017). In addition, rapeseed oil tends to lead to formation of sediments and carbon deposits.
Despite this the application of raw rapeseed oil as fuel for tractors and other working machines is possible owing to low
parameters of engines in those machines (small capacity and rotations). Properties of rapeseed oil as fuel depend on the
contents of contamination as compounds of phosphorus, iodine and water. Phosphorus compounds occurring in rapeseed
oil in the form of phospholipids may cause the deposition of sludge and emulsion. Water content in rapeseed oil causes
the polymerisation of fatty acids and the possibility of scoring of the fuel system elements, while iodine compounds in
the oil increase the propensity to deposition of sediments on elements of the engine combustion chamber.

Activities such as selection of rapeseed variety, cultivation technologies, soil conditions, and later on pressing
technology or filtration of oil from solid particles are oriented at obtaining the most advantageous parameters of rapeseed
oil designated for use as fuel (Gunstone, 2011).

The objective of undertaken studies was to determine pressing parameters (such as: rotational speed of the extractor
press, nozzle temperature, temperature, oil cleaning) on the contents of fatty acids, phosphorus, iodine value and water.
The research was conducted on diverse varieties of rapeseed:

— low-oil type (contents of oleic acid ca. 30%),

— medium-oil type (contents of oleic acid ca. 60%),

— high-oil type (contents of oleic acid ca. 80%).
For each of the studied rapeseed varieties 9 samples of rapeseed oil have been pressed. Variable parameters included:
rotational speed of the pressing screw (40, 50, 60 or 20, 40, 60 rpm) and nozzle diameter (@6, @8, @10 mm).

METHODOLOGY ADOPTED FOR ANALYSIS
For needs of testing use was made of the Fermet — Duo auger extractor press with a replaceable diameter of the

outlet nozzle and variable rotations of the pressing screw. Preparation process of oil samples comprised the determination
of conditions taking place in the process (preliminary pressing) and oil pressing at changed rotational speed and nozzle
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(pressing repeated twice). Purification of oil samples from contamination was done by sedimentation (within a time of
ca. 50 hours) and filtration. The prepared oil samples were studied in a specialist fuel laboratory, pursuant to binding
standards, to enable the determination of:

— content of fatty acids according to PN-EN 150 5508,

—  phosphorus contents by the spectrometry method according to EN 14107,

— iodine value according to PN-EN 14 111,

— water content according to PN-EN 1SO 12937.

RESULTS

Rapeseed oil is a highly complex chemical compound that contains different fatty acids, occurring in different
proportions and may also change depending on the use of pressing parameters acids (Bochenska & Powierza, 2013;
Jakébiec & Wadrzyk, 2014).

The conducted research (Table 1) has shown that increasing the diameter of the working nozzle at the same
rotations impacts the contents of particular acids in oils.

Table 1. Contents of fatty acids (oleic acid, linoleic acid, linolenoic acid and erucic acid) for variable rotational speed and jet diameter.
Oil from low oleic rape type
Nozzle diameter [mm]
@6 | @8 | @10
Rotational speed [rpm.]

No. | Type of fatty acids %

20 40 60 20 40 60 20 40 60
1 oleic acid 27,3 28,2 25,5 24,8 24,6 25,0 259 24,8 27,2
2 linoleic acid 18,8 17,4 15,9 16,0 16,0 151 15,9 15,7 14,8
3 linolenoic acid 9,2 8,4 71 72 72 6,7 7,2 7,1 6,3
4 erucic acid 30,1 30,0 30,8 29,7 30,0 30,9 29,0 31,8 30,3

Oil from medium oleic rape type
Nozzle diameter [mm]

No. | Type of fatty acids % e | Rotationalq;p?eed [rpm.] | o

40 50 60 40 50 60 40 50 60
1 oleic acid 62.45 | 62.60 | 62.55 | 6250 | 63.00 | 62.85 | 62.70 | 62.45 | 62.80
2 linoleic acid 19.10 | 19.00 | 18.90 | 19.25 | 19.00 | 19.15 | 18.95 | 19.05 | 19.00
3 linolenoic acid 8.45 8.55 8.40 8.35 8.45 8.50 8.40 8.40 8.40
4 erucic acid 0,2 0,2 0,2 0,1 0,2 0,2 0,2 0,2 0,2

Oil from high oleic rape type

Nozzle diameter [mm]
No. | Type of fatty acids % 0 | Rotationalq;geed [rpm.] | 20
40 50 60 40 50 60 40 50 60
1 oleic acid 78.15 | 78.05 | 78.10 | 75.95 | 76.05 | 76.20 | 77.05 | 78.15 | 78.30
2 linoleic acid 8,0 8,0 8,0 7.80 7.70 7.70 8.20 8,0 8,0
3 linolenoic acid 5.90 5.90 5.80 8.15 8.15 8.15 5.70 5.85 5.95
4 erucic acid 0,2 0.25 0.25 0.23 0,2 0.13 0,3 0.25 0,3

Oils from low-oil rapeseed variety were characterised by a similar content of oleic and erucic acids (within the
range of ca. 24-32%), while oils from medium- and high-oil variety of rapeseed were characterised by a much higher
percentage of oleic acids (62-78%). Insignificant differences in results of studies related to the contents of fatty acids in
oil obtained at changed pressing parameters may be a consequence of precise filtration of samples.

The conducted analysed have shown that dependencies of studied contaminations depending on pressing
parameters are variable.

Based on the results (Table 2) a considerable impact was ascertained on the diameter of outlet nozzle of the
extractor press on the contents of phosphorus in pressed oil.

Reduction of the diameter from 10 to 6 mm caused an almost three-fold increase in the contents of phosphorus
compounds in oil (Bochenska & Powierza, 2012). The increase of the rotational speed also led to an increase in the
contents of the analysed compound. The highest value of phosphorus was recorded for a nozzle with a diameter of 6 mm
and rotational speed equal to 60 rpm. An increase in the amount of phosphorus may be explained by an increased
destruction of cell membranes and membranes made of phospholipids. The release of phospholipids is also dependent of
the method of harvesting, drying, storage, moisture content and processing of grains (Gunstrone, 2011).

Furthermore, no evident impact was ascertained of pressing parameters on the on the iodine value. In all oil
varieties the iodine value amounted to approx. 90-100 gJ/100g (Fig. 1).
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Table 2. Contents of phosphorus, water and iodine value for the different speed of rotation and jet diameter.
Oil from low oleic rape type
Nozzle diameter [mm]

) D6 | D8 | 10
No. | Type of fatty acids % Rotational speed [rpm]
20 40 60 20 40 60 20 40 60
1 Phosphorus contents pg/g 22,8 26,8 29,4 11,3 11,3 17,2 10,2 10 15
2 Water contents % 0.14 0,110 0,257 0,206 0,206 0,167 0,160 0,25 0,3
3 lodine value gJ/100g 106,8 103,5 97.00 97,8 97,8 97,2 100,5 100,2 97,1

Oil from medium oleic rape type

Nozzle diameter [mm]

) 6 | 8 | 10
No. | Type of fatty acids % Rotational speed [rpm]
40 50 60 40 50 60 40 50 60
1 Phosphorus contents pg/g 4.65 4.40 5.05 6.40 6.55 7.70 5.65 5.75 5.35
2 Water contents % 0,71 0,74 0,76 0,69 0,72 0,72 0,70 0,72 0,68
3 lodine value gJ/100g 109.25 | 109.50 | 111.50 | 109.50 | 111.00 | 111,50 | 110.50 | 109.50 | 109.00

Oil from high oleic rape type
Nozzle diameter [mm]

. D6 | D8 | D10
No. | Type of fatty acids % Rotational speed [rpm]
40 50 60 40 50 60 40 50 60
Phosphorus contents pg/g 3.30 3.10 3.10 6.90 6.20 5.60 5.00 5.00 4.80
Water contents % 0.80 0.82 0.80 0.79 0.80 0.82 0.72 0.70 0.69
lodine value gJ/100g 92.00 | 9150 | 98.60 | 100.40 | 99.20 | 99.60 | 95.10 | 96.20 | 95.80
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Figure 1. Changes in content of iodine value, water and phosphorus in the function of speed rotation for jet diameter @6 mm for low-
oil rapeseed variety.

The conducted observations did not point to any evident impact was recorded of pressing parameters on the
contents of water. In samples of oil obtained from medium- and high-oil varieties, the contents of water in oil varied
within the range of 0.7-0.8%, while significantly lower values of water contents (0.1-0.2%) were recorded for samples
of soil from low-oil variety.

Based on the conducted studies of oil obtained from high-oil varieties of rapeseed following sedimentation and oil
filtration, a certain impact was observed of pressing parameters on the contents of phosphorus, water and the iodine value
in oil samples (Wroniak et al., 2013; Minkowski et al., 2014). After thorough filtration the amount of phosphorus in oil
was decreased considerably. Pressing parameters have a smaller impact on the contents of contamination contained in oil
after its thorough filtration.

CONCLUSIONS

The following conclusions may be drawn on the basis of the conducted analyses:

1. The implemented studies of diverse varieties of rapeseed oil (3 varieties) pointed to differences in the contents of fatty
acids. Studies of combustion process in a chamber with constant volume were executed with the use of rapeseed oils
of low-, medium- and high-oils. The differentiated chemical composition of the tested oils leads to different progress
of physical and chemical processes during combustion.
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In studies of rapeseed oil obtained at variable cold pressing and sedimentation parameters recorded was an impact of
the rotational speed of the extractor press and nozzle diameter on the contents of phosphorus, water and iodine value.
Increasing rotational speed and reducing the nozzle caused an increase in the contents of phosphorus compounds even
by 100%.
Pressing parameters of rapeseed oil and sedimentation affect the contents of compounds of phosphorus, water and
iodine value as well as the share of particular fatty. The filtration process reduces the impact of pressing parameters
on the contents of contamination.
Pressing parameters and the oil purification process should be selected depending on the rapeseed variety and its
physical condition (humidity, damage and others). The process of selecting parameters requires a thorough processing
of results of studies of the contents of phosphorus, which should be taken into account in optimisation.
As regards simplified manufacturing technology of rapeseed oil for own needs, inverters enabling the reduction of
rotational speed should be used at the extractor press to reduce phosphorus contents. A technological measure of
particular importance in the simplified technology is the application of sedimentation and filtration to lower
contamination and phosphorus contents.

To recapitulate, properties of rapeseed oil ad fuel for Diesel engines are affected primarily by the following factors:
rapeseed variety,
agrotechnical factors and storage,
production process of rapeseed oil (pressing, purification).
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