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COMPARISON OF PHYSICAL AND CHEMICAL PROPERTIES OF C RUDE COLD-
PRESSED VEGETABLE OILS USED TO DRIVE AGRICULTURAL T RACTORS

Summary

Crude vegetable oil may be used to drive self-igmiengines adjusted to this fuel. The aim of shigly was to perform a
comparative analysis of selected properties of -qkksed crude vegetable oils used as biofuelssi®trechemical proper-
ties of rapeseed oil (RO), sunflower oil (SO) andncoil (CO) were compared. Density, kinematic o8ty, flash point,

cold filter plugging point, calorific value, conteonf water, phosphorus, calcium and magnesium lirwere determined.
Kinematic viscosity curves of crude oils at tempénes from 5°C to 50°C were defined. The kinemascosity was the

lowest for corn oil and the highest for sunflowdr o
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1. Introduction

The prospects of using crude vegetable oils forirdy
diesel engines is a reasonable action that reduoegative
impact of the man on the environment. Crude vedetaib
can be used to drive self-ignition engines adjustethis
fuel [6, 13, 4]. Crude oil is produced with equipther in-
stallations used to produce oil on a farm for owvanppses
[14]. This oil is produced through pressing oilseeaps on
the basis of available technologies, i.e. singled aulti-
stage oil pressing and oil extraction [7]. Vegetabll is

and holes of the atomiser, the process of injectiod fuel
atomization and lubrication of injection pumps [18he
high viscosity of fuel indirectly affects the ocoemce of
sediments in the engine combustion chamber anchjen-i
tion inlets [2]. Since the viscosity of oil is higitdependent
on temperature, in case of engines driven by vetetail
additional systems for heating up oil are appliec anix-
ture of vegetable oil and diesel fuel is recommentiebe
used [3, 12, 16].

For a few years agricultural tractors driven byrepu
vegetable oil have been tested [1, 3, 13]. A failtate of

produced by means of screw and piston presseswScréractors is considerably affected by the fuel gualThe

presses are the most common because they are eld$ayn
the continuous production. The simplest technolisggold
oil pressing, where oil yield (mass percentageibfoothe
mass of oilseeds) equals to around 30% [10].

A good quality oil is obtained as a result of twdd oil
pressing [8, 17, 20, 22,]. The quality and life afld
pressed vegetable oil are affected by conditiors pa-
rameters of pressing, temperature, pressing tipgiehic
production conditions and oil storage temperat@dg.[The
preliminary heating of seeds prior to their pregsitifects
the oil content, among others, the increase ottment of
free fatty acids [19] and the increase of the aointé impu-
rities, i.e. pigments, water, sulphur and phospsamwoil [5,
23]. The obtainment of oil suitable for self-igniti engines
depends on the quality of rapeseeds. Factors #tatrdine
the quality of seeds are as follows: degree of ritgfpres-
ence of injured seeds, humidity and storage cant[9].

Vegetable oils in comparison with mineral diesablf
are characterized by lower content of volatile auients,
higher density and viscosity, lower calorific valend
higher pour point, cloud point and flash point. $&erop-
erties mainly result from over fourfold higher axge mo-
lar mass [11]. Due to processes of making sediments
combustion chamber, phosphorus content in oil gaifit
cant. In case of cold pressed rapeseed oil thikeobranges
from 14.57 mg-kg to 162 mg-kg [15]. However, a fun-
damental problem of using crude vegetable oil éhgine
is its high viscosity. The viscosity of rapeseddabi20°C is
around 18 times greater than the viscosity of difse.
The viscosity affects fuel flow resistances in $indilters
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aim of tests was to compare selected propertiesotef
pressed vegetable oils with respect to their ugsuas bio-
fuels for Sl engines in agricultural tractors.

2. Methods

The aim of this study was to conduct a comparative
analysis of selected physico-chemical propertiecrofie
vegetable oils (oils filtered from solids impurgiend de-
rived directly from the press) produced from thpeseeds
(OR), sunflower (OS), corn (OK). Samples were frtira
industrial production of raw material for biofuelBhe oil
was cold-pressed from a different varieties ofesl$s. The
first stage aimed to compare various parametershfpoint
(FP) (ISO 2592:2000), cold filter plugging point KEP)
(PN-EN 116), calorific value (ISO 1928:2009), caritef
water (PN-EN ISO 662:2001), calcium and magnesium
with the ICP-OES method and to determine oil dgnsith
the non-normalised weight and volume method. Thesph
phorus content (PN-EN 14107) was also tested. $t mesc-
essary to take some reducing actions due to admmadile
content of this element in the tested oils. Phogphavas
removed from the tested oils by bleaching [14]. Kiree-
matic viscosity of oils was determined with a rimaal vis-
cometer RC1 in the standard measuring system CC48 i
dynamical system. The analysis consisted in rengrdit
equal time intervals 800 measurement points of die
namic viscosity at random temperatures with an eayuof
0.1°C. Samples, following their insert into a measy ap-
paratus, were firstly heated up to 50°C and theoletb
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down to 5°C. On the basis of the collected datadersity
of tested substances the kinematic viscosity wisileded
by with the Rheo 3000 software. Results were fixatd
every one degree at temperatures from 50°C to 5°C.

The presentation of kinematic viscosity valuegl@iC
is not an objective ratio. Since the oil viscosigyhighly
dependent on the range of temperature of the userof
bustion engines, it has been acknowledged thaarie un-
der the kinematical viscosity graph in a functiontem-
perature is a much better ratio that delineatesseosity
difference of the tested biofuels. Areas calculdtedh the
integral of a given logarithmic function of the rick line
were compared. The distribution of the kinematgcusity
in a function of temperature was tested from 5°Qgene
viscosity values hinder pumping oil through theefiland
lines, to 50°C, where viscosity values of the @gids are
similar to one another.

3. Tests results

The tests of parameters of crude vegetable otls re-
spect to their use as biofuel in this form allovegghificant
physicochemical properties of the tested oils tode&er-
mined. On the basis of tests of phosphorus, thécobrof
which in rapeseed oil was 9.9 ppm, 15.9 ppm in lswdr
oil and 440 ppm in corn oil, phosphorus was deteeahito
be reduced. Oils were affected by bleaching eanth its
adding to vegetable oils resulted in absorbing phobpids
that were removed from the oil as a result of fligafion
[14]. The results of the tested vegetable oil proge are
shown in Table.

Table. Vegetable oil properties used at study

The density of three crude vegetable oils waslaimbd
one another and amounted to around 917 Rgons. The
kinematic viscosity of individual oils at 40°C wdsferent.
Sunflower oil had the highest viscosity of 41.08 frgh
corn oil had the lowest viscosity of 33.81 frg" and rape-
seed oil had the viscosity of 36.46 frs". The flash point
of the tested oils was above 180°C. The calorifitug of
the tested oils amounted to around 40 M3#&y The water
content of three tested oils was below 0.1 mg*. Kthe
cold filter plugging point of rapeseed oil and danfer olil
was 27°C and of corn oil was 20°C. Some trace atsoni
phosphorus in rapeseed oil and sunflower oil weteated,
whereas following the reduction the content of phasus
in corn oil was 9.3 mg-kly The remaining tested elements
in crude oils were in trace amounts.

The kinematic viscosity of the tested vegetabls
strictly affected by temperature and is correlatethe level
of -0.95+0.002 within the tested range of tempemtihe
adjustment of the logarithmic function of the kirsti
density changes with respect or the temperatuad! ofls is
R?>>0.99 with respect to the value of the receivediltss
The area under the graph of kinematic density cuvie
vegetable oils in a function of temperature fronC5b
50°C was the lowest for corn oil, larger by 13% for
rapeseed oil and larger by 29% for sunflower cdntithe
area of corn oil. At 50°C the value of the kinernatensity
of the tested oils was similar to one another anshbed to
25.5 mm-s™+ 1.7. Whereas, at 5°C the value of the
kinematic density amounted to CO 161.51 fgh RO
184.9 mm-s?, SO 224.14 m#ss® (Figure).

Parameters Rapeseed oil (OR) Sunflower oil (OS) Coroil (OK)
Density at1l5°C (kg-nT) 917 917 918
Kinematic viscosityat40 °C (mnfi- s%) 36,46 41,08 33,81
Flash point (°C) 184 188 190
Cold Filter Plugin Point (°C) 27 27 20
Calorific value (kJ- kg) 39557 39721 40229
Water content (mg -kg 0,10 0,06 0,08
Phosphorus content (mg-Rg <0,4 <0,4 <9,3
Magnesium content (mg R}y 1,98 1,77 1,68
Calcium content (mg -kj <15 <15 <15
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Figure. Kinematic viscosity curves of vegetable ©K - corn oil, OR - rapeseed oil, OS - sunflowér
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