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ABSTRACT In this work trials were carried out for 50 h on a single cylinder direct 
injection micro-tractor, using 100% sunflower oil as fuel to compare with petroleum 
diesel. In the first trial (E-1), we used the vegetable oil entering the system at air 
temperature in the injection system of the engine; in the second (E-2), the oil was heated 
at a temperature of about 90 °C; and in the third (E-3) only petrodiesel was used. In the 
first test after 50 h, a burning of the head gasket was found. To the trials E-1 and E-2 an 
increase in the compression pressure was found. The carbonized mass in the nozzle of the 
E-2 was 81.5% lower than E-1. The carbonized mass in the intake system of the E-2 was 
51.7% lower than the E-1 and in the exhaust system of E-2 was 33.4% lower than the E-
1.  For the combustion chamber the carbonization of the E-1 was almost equal to the E-2. 
With respect to fuel consumption by hour, the E-1 and E-2 were respectively 2.3% and 
0.7% higher than the petrodiesel (E-3). The lubricating oil was contaminated by 
vegetable oil fuel in the first two tests. Overall the E-2 was better than the E-1. 
 
Keywords: Vegetable oil, biofuel, Alternative Energy. 
 
INTRODUCTION. The burden of using petroleum on the global economy and the 
environment has been making the research for alternative energy sources more viable. 
The demand is for alternative fuels that can replace fossil fuels without expensive 
alterations to current motors. Brazil has made significant advances in the technology of 
ethanol, but it is still searching for a substitute for the petrodiesel, which is better suited 
for high power motors. Brazil is still an importer of petrodiesel, which remains a 
subsidized fuel in the country.  

As for renewable fuels that could potentially be a substitute for petrodiesel, the focus of 
current research has been on an age-old option: plant oil derivatives. After being 
transformed into biodiesel, or left as unconverted plant oil, these fuels are often used in 
trucks and agricultural tractors with no regard to quality or performance. Unconverted 
plant oil fuels are more commonly used, as they can be more easily obtained and cost 
less. However, studies show that there are disadvantages to their utilization, such as loss 
of power, increase in fuel consumption, reduced service life of the engine, and so on. 
There are many case studies of combinations of raw materials, i.e. oleaginous plants of 
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distinct physicochemical compositions, combined with different purification processes, 
resulting in a large amount of fuel specifications. For this reason, the effects of plant oil 
fuels on motors are not very well defined (ENGLER et al., 1983). 

Most alternative fuels are utilized in Diesel cycle engines. The Diesel engine was based 
on the Carnot theorem, where the heat produced by the isothermal change of a gas is 
converted into work. It is known that the compression ignition engine requires a gas, or 
similar to gas fuel, to ignite all at the same temperature (KNOTHE, 2006). However, this 
system was created to run on petrodiesel; so the higher viscosity of plant oils affects the 
atomization process of the injector nozzles, keeping them from performing adequately. 
Reducing the viscosity may mitigate this problem, and that can be achieved in different 
ways, such as by heating the fuel (RYAN III et al., 1984). 

MATERIAL AND METHODS. This study was developed by the Agricultural 
Mechanization Laboratory (Lama) of the State University of Ponta Grossa (Universidade 
Estadual de Ponta Grossa – UEPG) in a partnership with Retificadora de Máquinas 
(Retimaq), the National Industrial Apprenticeship Service (Serviço Nacional de 
Aprendizagem Industrial – SENAI), and the Higher Education Center of Campos Gerais 
(Centro de Ensino Superior dos Campos Gerais – CESCAGE). The experimental unit was 
a micro, mono-cylinder tractor (see description on Table 1). 

TABLE 1. Engine specifications 

Make  / Model Kubota – Tekko do Brasil / Tobatta Diesel – 
KR - 90 

Number of cylinders 1 

Bore and Stroke 90 x 90 mm 

Displacement 0,570 L 

Maximum power  6,7 kW @ 167,5 rad s-1 (9 hp @ 1600 r m-1

Compression ratio 

) 

20 

Injection system Direct 

Lubricant capacity  2,5 L 

Coolant water capacity 4,0 L 

  

The Agronomic Institute of Paraná (Instituto Agronômico do Paraná – IAPAR), Ponta 
Grossa Experimental Unit, provided the fuel: sunflower (Helianthus annuus, L.) oil, 
mechanically extracted through cold pressing of the grains (with pericarp), then decanted 
and filtered, and not proceeded by a purification process. Next, three samples of the oil 
were collected; one was submitted to fatty acid analysis, a second was sent to fuel quality 
determination, and a third was used to determine a curve of variations in viscosity under 
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different temperatures. The latter consisted of submitting the sample to temperatures of 
25, 38, 50, 70 and 90°C using a Ostwald viscometer with a size 150 Cannon-Fenske 
capillar tube for transparent liquids, having the viscosity of water as reference. 

The engine was completely restored before tests started, and all components remained the 
same throughout the end. The injector nozzles were evaluated using standard Diesel 
injection system tests, namely: visual determination of fuel atomization (under high and 
low pressure), opening pressure (compared to factory references), and stoppage or sealing 
test (5 seconds under system pressure, 15 to 20 kgf cm-2 less than the opening pressure). 
All tests were done on workbench, using a calibration fluid for Diesel injection system 
(Castrol Ultra seni 4113®). The injector nozzle was originally assembled with a pressure 
of 5 kgf cm-2

After the assembling the engine, the compression pressure was measured with a analog 
manometer, installed in place of an injector nozzle. The engine was then installed in the 
tractor, and run for ten hours to adjust the mobile parts. The lubricant was changed before 
the beginning of tests, as well as the necessary adaptations to the fuel supply conversion 
system. This system was developed to work with either petrodiesel or plant oil, but not 
with mixtures of both. 

 over the reference, due to the decrease in opening pressure that occurs as 
the mobile parts adjust to movement. 

The methodology consisted of always starting the engine using petrodiesel (PANP Nº 
310/2001 and RANP Nº 15/2006 interior type – B), and running it for ten minutes on 
maximum acceleration mode to warm it up, then changing the fuel to plant oil. The 
acceleration was kept on maximum during field tests, and before turning off the engine, 
the fuel was changed back, so the pump and injector nozzle would be working on 
petrodiesel. This methodology was applied to avoid problems with cold engine starts, and 
with oxidation and corrosion of the injection elements. 

This study consisted of three assays, being two with plant oil fuel and one with 
petrodiesel. In the first assay (E-1), the fuel entered the injection system at room 
temperature; in the second assay (E-2), the oil was heated. The third assay (E-3) used 
only petrodiesel.  

In E-1, a plant oil tank was built in addition to the original petrodiesel tank, which was 
kept as such. A pump, a filter and a T-shaped tube were added for plant oil circulation 
and to return excess fuel to the tank, and two valves were added for switching fuels. 

The changes made for E-1 were kept for E-2, with the addition of a heating system. This 
system consisted of 3/8 inch-diameter spiral tubes inserted in the exhaust pipe, for a total 
of sixteen 53-mm-long spirals distributed throughout a 255-mm-space. This idea came 
from the realization that temperatures inside the exhaust pipe reached 190°C (maximum 
acceleration, no load). The intention was to lower the fuel viscosity, as according to Ryan 
III et al. (1984) when viscosity is reduced so is the effort made by the injection system, 
and consequently its wear and tear. It also helps to improve the atomization of the fuel by 
the injector nozzle into the combustion chamber. 

The ideal temperature to heat the plant oil to was 150°C, as according to Inoue et al. 
(2005) the highest decrease of viscosity happens at this temperature. Ryan III et al. 



CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 4 

(1984) recommended temperatures around 140°C, for viscosity values of 5 mm2 s-1 (cSt). 
Inoue et al. (2005) observed viscosity of 9,93 mm2 s-1 at 150°C for sunflower oil when 
compared to petrodiesel (3,8 cSt) at 38°C, approximately 2,6 higher. The viscosity of 
sunflower oil at 38°C was 32 mm2 s-1

The temperature in the system was measured using K Thermopar sensors, model MTK-
02

, or around eight times higher than petrodiesel at the 
same temperature. In this study, a viscosity value of 6,8 cSt at 90°C was observed (see 
Figure 1), also higher than petrodiesel. 

® (registered trademark Minipa), which are built specifically for immersion in liquid. 
The sensor was installed at the injector pump in all three assays. A multimeter, model 
ET-1400®

In order to add load to the tractor while the engine was running on plant oil in E-1 and E-
2, a rotary hoe was used to cultivate 0,9 m-wide strip of land, composed mostly of 
Latosol. In E-3, most of the work was done with a brush-cutter. Each assay consisted of 
50 hours of work, followed by an engine assessment. The assessment consisted of 
completely disassembling the engine and measuring the carbonization of piston, rings and 
cylinder head (combustion chamber), and intake and exhaust valves and ducts. 
Carbonization was measured by scraping the carbonized material that was stuck to the 
components, and then weighing it on a precision balance (0,005 g readability). 

 (registered trademark Minipa) was used to read the sensors. 

 

FIGURE 1. Viscosity curve for the sunflower oil used in this study 

The lubricant was changed before every assay, using D SAE 30 specification (single-
grade), API – CF (Shell Rimula®). At the end of every assay a sample of the lubricant 
was collected, and later sent to a Shell do Brasil specialized laboratory for analysis. Fuel 
consumption was estimated by the number of liters added to the tank (consumed), divided 
by the number of hours worked, arriving at an average hourly consumption (L h-1

RESULTS AND DISCUSSION. The results of the sunflower oil fatty acids 
characterization (see Table 2) show great variations in the chemical composition when 
compared to the literature. These variations may occur due to plant breeding or seed 
position on the head (capitulum), among other intrinsic factors (MARCOS FILHO, 
2005). According to Castro et al. (2006), extrinsic or environmental factors are as 
influential as intrinsic ones in determining fatty acid composition. Petcu et al. (2001) 
claimed the grain filling period is when the environment has the most influence on fatty 
acid composition. 

) for all 
three assays. 
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Studies developed by Petcu et al. (2001) have shown that when there is water stress, the 
variations in fatty acids are more significant in unsaturated acids, and not significant in 
saturated acids. As for nutrition, Wendt et al. (2005) claimed that fertility and nutrient 
availability have a positive influence on the oil content of sunflower. 

In every case shown on Table 2, it is evident that linoleic acid is the predominant fatty 
acid in sunflower oil, followed by oleic acid (70% of the total composition). Ryan III et 
al. (1984) performed thermal oxidation tests and found a positive correlation between the 
amount of unsaturated fatty acids and the amount of deposited material. In that case it can 
be said that sunflower oil used as fuel is prone to form deposits due to the high proportion 
of unsaturated fatty acids in its composition. Similarly, the amount of long-chain 
saturated fatty acids such as arachidic, behemic and lignoceric (3,8% of the total 
composition) is also relevant. According to Bobbio & Bobbio (1985), these acids can be 
considered waxes, as their fusion temperature is around 80°C and they are resistant to 
degradation, promoting the formation of deposits. 

Regarding fuel quality metrics (see Table 3), this sunflower oil has moderate corrodibility 
index and extremely elevated kinematic viscosity, when compared to ASTM standards 
for petrodiesel (1,9 to 4,1) (DUNN, 2006) and for plant oil (E DIN 51 605). According to 
Ryan III et al. (1984), high viscosity fuels can cause problems with the injection system, 
such as oscillation, overpressure and moisture accumulation on the injector nozzle, 
resulting in the formation of deposits. Another important factor is the spray cone angle, 
which can decrease with the increase of fuel viscosity, affecting the fuel-air mixture in 
direct injection engines, such as the one in this study. 

TABLE 2. Fatty acids found in the sunflower oil used in this study and in other studies, 
for comparison 

Fatty Acid Used in this 
study (g kg-1

Ryan III et al. 
(1984) (g kg) -1

Peterson et al. 
(1983) (g kg) -1

Hancsók et al. 
(2004) (g kg) -1

Myristoleic 
(14:0) 

) 

- 5,0 - 1,0 

Palmitoleic 
(16:0) 134,5 58,0 64,0 82,0 

Stearic (18:0) 82,7 48,0 42,0 36,0 

Oleic (18:1) 216,7 183,0 239,0 277,0 

Linoleic (18:2) 494,6 686,0 614,0 584,0 

Linolenic (18:3) 2,9 2,0 30 5,0 

Arachidic 
(20:0) 7,3 - - 2,0 

Eicosenoic 7,2 - - 2,0 
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(20:1) 

Behenic (22:0) 25,0 8,0 - 6,0 

Erucic (22:1) 22,9 5,0 - - 

Lignoceric 
(24:0) 6,2 5,0 - 2,0 

 

TABLE 3. Fuel quality metrics for this sunflower oil and recommended specifications for 
plant oil  

Assay Results E DIN 51 
605 Methodology 

Appearance and color LII/Yellow 1 - Visual 

Corrodibility to copper 3h at 50 °C 1a 3 - NBR 14.359 

Specific mass at 15 °C (kg m-3 917,2 ) 900-930 NBR 7.148 

Kinematic viscosity at 40 °C (mm2 s-1 37,68  - cSt) 36 (máx) NBR 10.441 

Carbon microresidues (% mass) 0,42 0,4 (máx) ASTM D 
4.530 

Iodine index (gl2 100g-1 115 ) 95-125 EN 14.111 

Higher heating value (J g-1 39470 ) 36000 (min) ASTM D 240 

Corrected flash point (°C) 277 220 (min) NBR 11.341 

Fluidity point (°C) -7,0 - NBR 11.349 

Insoluble material (mg kg-1 0,02 ) - AOCS ca 3a-
46 

Phosphorous - P (mg kg-1) < 2,0 2 12 (max) EN 14.107 

Sodium - Na (mg kg-1) < 5,0 2 - EN 14.538 

Potassium - K (mg kg-1 5,6 ) - EN 14.538 

Calcium - Ca (mg kg-1 2,9 ) 20 (max) EN 14.538 

Magnesium - Mg (mg kg-1) < 2,0 2 20 (max) EN 14.538 
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1 – Clear and free of impurities; 2 – Equipment detection limit - 2,0 e 5,0 mg kg-1

In relation to carbon residues (0,42%), the level can be considered normal according to 
plant oil quality standards; however, when compared to ASTM fuel standards (lower than 
0,05%) (DUNN, 2006) it is considered very high. As for the iodine index, Ryan III et al. 
(1984) found that there is less carbonization when such indexes are high in oils with more 
saturated fatty acids. The higher heating value of this sunflower oil is lower than those of 
all types of petrodiesel, as it is common to all plant oils according to Peterson et al. 
(1983), Engler et al. (1983) and Bettis et al. (1982). The parameters for fuel flash point 
relate to product handling safety (flammability), as stated by Brasil (1999), and may also 
detect fuel contamination by lighter substances. Any amount of phosphorous, sodium, 
potassium, calcium or magnesium in the fuel can be damaging to the engine. 

; 3 - FP 
(freshly polished), 1a (slightly stained with light yellow), 1b (slightly stained with dark 
yellow)  

In E-1, the Thermopar sensor at the injector pump indicated oil temperatures between 38 
a 50°C after (after a 10-minute fuel change), and viscosity went from 34,7 to 21,3 cSt, 
making it 9,1 and 5,6 higher than petrodiesel (3,8 cSt at 38ºC). 

Results showed that the fuel heating system developed for E-2 was not very efficient, as 
the oil temperature was about 90°C (working with rotatory hoe), not reaching the 150°C 
or 140°C recommended by Inoue et al. (2005) and Ryan III et al. (1984) for reducing fuel 
viscosity. However, the fuel analysis showed that the viscosity was 6,8 cSt, an interesting 
value according to the literature. The difference between the sunflower oil viscosity 
observed in this study and what is found in the literature shows that the physicochemical 
composition of the oil has great influence. Another interesting factor is the temperature at 
which the fuel gets to the injector nozzle, which was not measured here, as this is the 
point where viscosity is most significant. 

After 50 hours of work, E-1 was interrupted due to pressure leaking problems between 
the cylinder head and the engine block, as the head gasket had blown. Even with the head 
gasket leak, the engine had no problem starting. Table 4 shows compression pressure 
alterations in both plant oil assays, observing an increase over the assembly pressure, 
even with the drop of pressure during E-1 due to the leak. The increase was due to the 
excessive carbonization in the combustion chamber during E-1 and E-2. In E-2, no 
particular conditions were observed after 50 hours of work, except for the pressure 
increase. 

TABLE 4. Compression pressure in the combustion chamber for all three assays 

Assessment point E-1 (kgf cm-2 E-2 (kgf cm) -2 E-3 (kgf cm) -2

Zero hour 

) 

15,0 15,0 15,0 

50 hours 16,0 15,8 13,0 

As mentioned, excessive carbonization of the combustion chamber was observed in E-1 
and E-2, when compared to E-3, as shown on Table 5. According to Porte (2008), 
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excessive carbonization can be explained by the higher viscosity of the plant oil, which 
interferes in the fuel atomization into the combustion chamber. 

 

 

TABLE 5. Comparison between the carbonization of engine components in assays E-1, 
E-2 and E-3 

Component 
Carbonization 

E-11

Carbonization 

 (g) E-22 

Carbonization 

(g)  E-33

Ratio  

 (g) E-1 E-
3

Ratio  

-1 
E-1 E-
2

Ratio  

-1 
E-2 E-
3

Injector 
nozzle 

-1 

1,064 0,197 0,136 0,872 0,815 0,058 

Combustion 
chamber 7,945 7,582 3,508 0,558 0,046 0,513 

Intake 
system 2,281 1,102 0,316 0,696 0,334 0,362 

Exhaust 
system 17,697 11,783 5,375 0,861 0,517 0,344 

1 – Plant oil, no pre-heating; 2 – Pre-heated plant oil; 3

According to the results observed on Table 5, there was less carbonization in E-2, using 
pre-heated oil, than in E-1; however, when compared to E-3, the carbonization in E-2 was 
still too high. According to Ryan III et al. (1984), the deposit of materials, particularly on 
the injector nozzle, is caused by elevated viscosity levels, as high viscosity fuels prolong 
the end of the injection, causing drippage. 

 – Petrodiesel 

Regarding the exhaust duct and valve, the most accumulation of material was observed in 
E-1, because the fuel is partially burned and can adhere to the duct walls (Figure 2). The 
visual analysis of component carbonization in E-2 revealed that the adhered material is 
more solid, rigid and dry, and also more difficult to remove, when compared to E-1. The 
carbonization of plant oil is different than of petrodiesel, the latter being more loose and 
easily removed. 
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2a. Exhaust duct in E-1 2b. Exhaust duct in E-2 2c. Exhaust duct in E-3 

FIGURE 2. Carbonization on the exhaust valve and cylinder head exhaust duct in E-1 and 
E-2  

The results on Table 6 show that the carbonization observed in all three assays (Figure 3) 
did not cause atomization problems. Regarding the opening pressure of the injector 
nozzle in E-2, the same pressure measured at the end of E-1 (145 kgf cm-2) was applied in 
this case, as it was within acceptable limits of loss of pressure. A drop in pressure of 15 
kgf cm-2

 

 was observed, similarly to E-1 in relation to the reference pressure. Also in E-2 
the injector nozzle was noticeably worn, which could have been due to lack of 
lubrication, low lubrication power of the sunflower oil, or impurities such as phosphorous 
residues and metallic residues such as iron, sodium and magnesium. No traces of iron 
were observed in the sunflower oil (Table 3), but according to Dorsa (1995), they can 
exist as metal-lipid complexes. 

TABLE 6. Injector nozzle assessment results for E-1, E-2 and E-3 

Assay 1 (E-1) Assay 2 (E-2) Assay 3 (E-3) 

--------------------------------------------------OPENING PRESSURE-----------------------------
--------------------- 

A 10% loss of pressure under the reference is acceptable 

Reference – 160 kgf cm Assembly – 145 kgf cm-2 Assembly – 160 kgf cm-2 

Assembly – 165 kgf cm

-2 

50 h – 130 kgf cm-2 50 h – 160 kgf cm-2 

50 h – 145 kgf cm

-2 

Increase of return -2 Increase of return 

-----------------------------------------------------IMPERVIABILITY------------------------------
---------------------- 

5 s with pressure 15 to 20 kgf cm-2 

No leaks 

lower than the opening pressure 

No leaks No leaks 

------------------------------------------------------ATOMIZATION---------------------------------
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--------------------- 

Visual assessment of the degree of atomization 

High pressure – normal High pressure – normal High pressure – normal 

Low pressure – normal Low pressure – deficient Low pressure – deficient 

 

In the case of E-3, the opening pressure was readjusted to the reference, and no change in 
the pressure was observed; however there was accentuated wearing of the tip and body of 
the element, caused by low quality petrodiesel. These results were visualized in the return 
flow increase and deficient pulverization in low pressures. 

   

3a. Injector nozzle in E-1 3b. Injector nozzle in E-2 3c. Injector nozzle in E-
3 

FIGURE 3. Carbonization of the injector nozzle after 50 hours in E-1, E-2 and E-3 

Problems with the atomization in low pressures were observed in E-2 and E-3, which can 
cause problems when the engine is overloaded; when the fuel-air mixture is not correct, 
the fuel does not burn satisfactorily. However, the engine was not overloaded during the 
sunflower oil assays. Another issue was the increase in the nozzle return flow, which 
indicates wearing. Table 7 shows the results of the injector pump assessments for all three 
assays, where there was perceptible wearing of the pump fan blades in E-2 and E-3. 
However, according to the manufacturer the injector pump parts are the most durable; 
they do not require precise measurements or surfaces in order to work properly, and can 
potentially last three times longer than injector nozzles. 

The fuel atomization deficiencies caused the increased carbonization, which resulted in 
higher compression pressures, leading to pressure leaks and escape of burned fuel onto 
the crankcase (blow-by). Another problem is the scuffing of the first piston ring (there are 
three in this case), which was observed in E-1 and E-2, due to the accumulation of 
material that result from the irregular burning of the fuel. The latter also causes loss of 
power, which is offset by increasing the fuel intake, affecting fuel consumption (Table 8).  

TABLE 7. Injector pump assessments in E-1, E-2 and E-3 

Assay 1 (E-1) Assay 2 (E-2) Assay 3 (E-3) 
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----------------------------------------------------------INJECTION----------------------------------
---------------------- 

Attached to the injector nozzle 

Normal Normal Normal 

------------------------------------------WEARING OF THE FAN BLADES---------------------
---------------------- 

Visual assessment 

Not noticeable Noticeable Noticeable 

 

The plant oil fuel consumption observed in this study was high in comparison to 
petrodiesel (Table 8), but lower than what was observed by Maziero et al. (2007) for 
sunflower oil (9,3% higher), Pimentel & Belchior (2002) for African oil-palm oil pre-
heated at 85°C (10% higher), and Soares et al. (2000) for African oil-palm oil pre-heated 
at 55°C (15% higher). This shows that pre-heating the fuel may have affected 
consumption. 

TABLE 8. Hourly fuel consumption and relation to petrodiesel in E-1, E-2 and E-3 

Assay/Fuel Consumption (L h-1 Difference in relation to petrodiesel 
(%) ) 

E-1/Sunflower oil 0,916 +2,3 

E-2/Sunflower oil 0,901 +0,7 

E-3/Petrodiesel 0,896 - 

 

Contamination of the lubricant was observed in E-1 and E-2, though more evident in E-1 
in the form of a high viscosity, agglutinated mass, which could cause obstruction of the 
ducts. Tables 9 and 10 show the results of the viscosity analysis of the lubricant at the 
start and at the end of the assays, respectively. When comparing these results, a decrease 
in viscosity was observed, which may have been caused by fuel by-products. According 
to Porte (2008), lubricant contamination by fuel by-products may cause reduction of the 
lubricating properties. 

TABLE 9. Lubricant viscosity and density at time zero in E-1 e E-2 

Parameter E-1 E-2 

Viscosity at 40°C (mm2 s-1 82,80  or cSt) 83,45 
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Viscosity at 100°C (mm2 s-1 10,96  or cSt) 11,12 

 

The appearance and color of the oil in E-1 and E-2 are very different (Table 10); the 
physicochemical analysis indicates deposited and suspended solids, which is evidence of 
the precipitation of the high viscosity degraded oil. The suspended solids in E-1 may be 
from the contamination by the fuel, or a product of pyrolysis and incomplete oxidation. 
According to Snook (1968) and Asseff (1975), lubricants have additives to disperse, 
neutralize and dilute fuel contaminants, so its properties will not be altered; however, 
they are specific for petrodiesel. Another important factor is the buffering action of the 
additives, which may have been overpowered by the amount of contamination. 

In relation to the color, it can be highly influenced by the grime that is diluted in the 
lubricant, which is why the results for E-2 (0,14) show the color black in relation to E-1 
(0,01) (Table 10). According to Snook (1968), the water content is only a problem when 
it goes over 0,1%, which was not the case here. With regard to viscosity variations, and 
the point where the lubricant should be changed, there are many ideas: some authors 
suggest that the lubricant should be changed after a one SAE degree (1°) alteration, plus 
or minus (25 to 35%) (SNOOK, 1968); others suggest much lower limits (5 and 10%) 
(ESSO, 1970). However, Asseff (1975) stated that this point is hard to estimate as it 
depends on many factors, such as type of engine, quality of lubricant, type of work, work 
environment, and according to Esso (1970), whether the lubricant is single or multi-
grade. In this study, using a single-grade lubricant, the viscosity was reduced 14,1% in E-
1, and 13,6% in E-2, at 40°C. In E-1, there was a reduction of less than 10% at 100°C, 
when compared to time zero. Regarding sulfation, nitration and oxidation indexes, no 
references for limits could be found, but it was observed that the same field work was 
more strenuous in E-2. 

TABLE 10. Quality metrics for the lubricant after 50 hours in E-1 and E-2 

Parameter E-1 E-2 

Appearance Deposited and suspended 
solids Normal 

Color Dark brown Black 

Viscosity at 40°C (cSt) 71,1 72,1 

Viscosity at 100°C (cSt) 9,9 Ud

Water content (%) 

1 

0,05 Ud 

Flash point (°C) 190 Ud 

Oxidation (A/0,1mm) 0,44 0,51 

Nitration (A/0,1mm) 0,07 0,12 
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Sulfation (A/0,1mm) 1,3 1,46 

Grime (A/0,1mm) 0,01 0,14 

1 - undetermined 

Among all the elements found in the lubricant (Table 11), the most concerning are the 
levels of iron, tin, copper and aluminum, which are very high in E-1 and E-2. According 
to Snook (1968), Asseff (1975) e Esso (1970), iron, tin and copper originated from the 
wear on the engine, and part of the aluminum originated from impurities in the intake air. 
As previously commented, E-2 presented higher contamination levels, due simply to 
more severe work conditions, especially in relation to material suspended in the air; the 
air filter had to be replaced at the end of the 50 work-hours. One exemple of such 
conditions was the silicon content, that was 60,8% higher in E-2 than in E-1; silicon 
comes from dust (soil) in the intake air, and its particules are abrasive and cause wearing 
on the mobile components. 

All other elements present in the lubricant should not be attributed only to fuel 
contamination; according to Sági et al. (2008), sulfur, calcium, phosphorous, zinc and 
molybdenum may be part of the composition of additives in the lubricant. However, as 
there is a difference in the quantities of those elements between assays, it is assumed that 
there was some contamination by the fuel, particularly by phosphorous, sodium, 
potassium, calcium and magnesium, which were identified in the sunflower oil 
composition analysis. Of all the elements that may have originated from the fuel, 
potassium and magnesium are the most conspicuous, as they were observed in E-2 but 
not in E-1. In this case, due to a better burning of the fuel both elements were mineralized 
in the combustion chamber, thus transferring onto the crankcase. Another point is that the 
engine, in its original plan, does not have a lubricant filter, allowing impurities to circle 
around and harm the parts. 

TABLE 11. Amount of element found in lubricant after 50 hours in E-1 e E-2 

Elements (mg 
kg-1 E-1 ) E-2 

Limits of element traces in crankcase oil 
Origin of 
contaminant Snook 

(1968) 
Asseff 
(1975) 

ESSO 
(1970) 

Calcium (Ca) 1567 1648 - - - C

Magnesium 
(Mg) 

1 

0 17 - - - C 

Phosphorous (P) 490 502 - - - C 

Boron (B) 2 6 20 - 10 C, A

Potassium (K) 

2 

0 31 50 - - C, A 

Sodium (Na) 2 8 - - - C, A 
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Silicon (Si) 23 37 20 16,2 25 Ar

Chrome (Cr) 

3 

3 15 40 6,4 25 M, A 

Lead (Pb) 88 95 100 - 200 M, C 

Aluminum (Al) 20 70 40 17,3 10 M, Ar 

Molybdenum 
(Mo) 36 45 - - - M

Zinc (Zn) 

4 

532 600 - - 10 M 

Copper (Cu) 26 58 40 19,2 60 M 

Iron (Fe) 286 565 100 69,5 200 M 

Tin (Sn) 8 9 - 1,0 - M 

Titanium (Ti) 1 2 - - - M 

1 – fuel; 2 – cooling water; 3 – impurities in intake air; 4 – wear on the engine 

CONCLUSION. The problems that were observed with the engine when running on 
sunflower oil were not as severe as what is mentioned in the literature. The pre-heated oil 
performed better than the non-pre-heated oil. The lubricant was contaminated by the plant 
fuel in both assays, and in E-2 it was also contaminated by potassium and magnesium 
from the fuel. It is still not possible to recommend the use of sunflower oil as a fuel, with 
the same specifications of extraction and processing as the ones in this study; the amount 
of work hours the engine was run on sunflower oil were not enough to compare to the 
number of hours it can run on petrodiesel. 
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