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Abstract. Biodegradable oils are at present a powerful performance in the field of 

lubrication of machinery and machines that work predominantly under conditions that make 

it possible to pollute the environment. This refers to machinery and equipment in agriculture, 

construction industry, marine, forestry, printing, drilling, railways, automotive, and food 

industries, where environmental pollution is reduced as a result of losses of lubricants on soil 

or water.  

Viscosity, shear stress, shear rate, yield value, plastic, pseudoplastic and thixotropic 

models, viscometer and rheometer types are the major issues discussed in rheology. This 

article proposes several dependency of dynamic viscosity with shear rate. Rheological 

characteristics of vegetable oils were measured with rotational co-axial cylinder rheometer at 

different temperatures of 40-90 °C. 
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1. INTRODUCTION  

 

 

 The physical and chemical properties of vegetable oils greatly influence the quality of 

the final product as well as the processing procedures. Rheological properties have an 

important role. Rheological properties are very often determined to demonstrate the behavior 

of solutions, suspensions and mixtures [1-4]. Vegetable oils are a typical example of such 

material. A basic parameter obtained during the rheological study of vegetable oils is the 

viscosity used to characterize the fluid texture [5-7]. Another important factor is temperature, 

which occurs frequently in rheological equations [8]. In the case of vegetable oils, viscosity 

increases with the chain length of triglyceride fatty acids and decreases with unsaturation, 

which decreases with hydrogenation. Viscosity is a function of the size and orientation of 

molecules [9, 10]. The physical properties (including viscosity) of short chain pure 

triglycerides were evaluated in previous studies [11-13]. These studies have tried to develop 

models when using triglyceride oils to replace them as diesel. Studies on the rheological 

properties of binary triglyceride mixtures have been published [14-16]. These investigations 

have attempted to understand how these compounds interact with each other and how the 

chain triglyceride length affects the physical properties of edible oils. Studies related to the 

properties of pure chain triglycerides in pure state and simple blends can be very useful in the 

development of different valuable products. On the other hand, natural vegetable oils are not 

composed of pure triglycerides or simple binary mixtures of triglycerides. They are complex 

mixtures of many triglycerides with different chain lengths. The physical properties of short-

chain triglycerides obtained from a natural source have recently been evaluated. The 
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rheological properties of two complex mixtures of short chain triglycerides were 

experimentally determined in a temperature range of 25-80 °C [15-21]. 

 In the present paper presents the variation of the dynamic viscosity with the shear 

stress for to non-additive vegetable oils: sunflower, soybean and coconut. 
 

 

2. MATERIALS AND METHODS 

 

 

 The determinations of dynamic viscosity of vegetable oils (oil sunflower, oil soybean, 

oil coconut) were done a viscometer using a Haake VT 550. The dynamic viscosity was 

determined for shear rates ranging between 3.3 and 120 s
-1

, the temperature varying between 

40 °C and 100 °C, respectively. In order to change and control the working temperature value, 

a thermostatic bath was used. Measurements were done starting from 40 °C and at each 10 °C 

more, till the temperature of 100 °C was reached. 

 

 

3. RESULTS AND DISCUSSION 

 

 

 Table 1 shows composition of these three vegetable oils: oil sunflower, oil soybean 

and oil coconut. 
 

Table 1. GC Fatty acid distribution in the investigated oils. 

Fatty acid Sunflower oil Soybean oil Coconut oil 

C14 0.1543 0.0734 19.9000 

C16 8.9809 10.3189 - 

C16: 1cls9 0.1813 0.1011 - 

C17 - 0.5440 - 

C18 3.4523 5.5077 2.7000 

C18:1cls9 28.3845 22.7286 - 

C18:1cls11 0.7991 1.5124 - 

C18:1cls13 - 0.0668 - 

C18: 2trans 0.1453 0.1375 - 

C18: 2cis 57.4021 50.8705 1.6000 

C18: 3trans - 0.1998 - 

C18: 3cis 0.3521 6.6735 - 

C20 - 0.5684 - 

C20:1 - 0.4230 - 

C22 - 0.5430 - 
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The results are presented in Figs. 1-5. From analyzing these figures it is noticed that 

viscosity has the some decrease with the increase shear rate for all the three oils studied at 

different temperatures. This viscosity decreases with the increase of the shear rate shows that 

these oils have the properties of some pseudoplastic non-Newtonian fluids. 

 

 

 
 

Figure 1. Dependence dynamic viscosity versus 

shear rate at temperature 40 °C. 

 

 

 
 

Figure 2. Dependence dynamic viscosity versus 

shear rate at temperature 50 °C. 

 

 
 

Figure 3. Dependence dynamic viscosity versus 

shear rate at temperature 60 °C. 

 

 

 
 

Figure 4. Dependence dynamic viscosity versus 

shear rate at temperature 70 °C. 
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Figure 5. Dependence dynamic viscosity versus shear rate at temperature 90 °C. 

 

 

In Figs. 6-8 it was represented, according to the experimental determination, the 

variation of the viscosity with temperature for three shear rate 10.6, 30, 80 s
-1

, respectively. 

Analyzing the three figures we can see that the viscosity decreases with the temperature for all 

the three shear rates and for all three studied oils.  

 

 
 

Figure 6. Viscosity dynamic versus temperature at shear rate 10.6 s
-1

. 
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Figure 7. Viscosity dynamic versus temperature at shear rate 30 s
-1

. 

 
 

 
 

Figure 8. Viscosity dynamic versus temperature at shear rate 80 s
-1

. 

 
 

 

4. CONCLUSION 

 

 

 Biodegradable oils based on vegetable oils are of particular interest lately in view of 

the protection of the environment. The characteristics of biodegradable oils are comparable, in 

some cases even better than mineral oils used for the same applications. The paper presented 

the behavior of oil sunflower, oil soybean and oil coconut for their use as ecological 

lubricants. 
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