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ABSTRACT23

24

Rheology is a simple analysis that is being more and applied to determine the physical behavior of
solutions, suspensions and mixtures. The basic parameter, obtained in the rheological study of liquid
foods, is viscosity, used to characterize the fluid texture. Rheology is concerned with how materials
respond to applied forces and deformations.
Basic parameters of stress (force per area) and strain (deformation per length) are key to all rheological
evaluations. The sunflower oil was found to be more sensitive to thermal treatment, undergoing greater
changes in its properties, especially in viscosity, which may increase considerably. The viscosity of
sunflower oil decreases logarithmically with temperature, but the slope representing the change is
lessened. Different equations are proposed in literature to calculate the shear stress.
The sunflower oil was carefully studied in recent years because they may constitute a raw material for
biodegradable lubricants getting organic. These oils are an alternative to synthetic mineral oils. This
article presents rheological behavior of sunflower oil. The dynamic viscosity of sunflower oil was
determined at temperatures range between 40 – 100 0C and shear rates range from 3.3 – 120 s-1. The
between 40 – 70 0C and 100 0C sunflower oil has a Bingham fluid behavior. The between 80 – 90 0C
sunflower oil has a Casson fluid behavior.
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27
1. INTRODUCTION28

29
Sunflower oil is the non-volatile oil compressed from sunflower (Helianthus annuus) seeds. Sunflower oil contains30
predominantly linoleic (48–7%), oleic (14–40%), palmitic (4–9%) and stearic (1–7%) [1, 2]. Oils sunflower are valuable31
nutrients that play an important role in health and life and they are why they have been considered as one of the essential32
food groups. Oils sunflower are compact source of energy and fat-soluble vitamins are involved in health. Also the role of33



essential fatty acids in health and body functions is proved and the body is not able to make these itself unless use34
vegetable oils. Oils sunflower help to improve flavor, color and texture of food and facilitate heat transfer. These materials35
improve the sauces rheology and texture [3-6]. According to the importance of these oils sunflower and their effects on the36
quality and texture of food, the factors affecting the rheological parameters of them must be considered. Rheology is a37
simple analysis that is being more and applied to determine the physical behavior of solutions, suspensions and mixtures.38
The basic parameter, obtained in the rheological study of liquid foods, is viscosity, used to characterize the fluid texture39
[7]. Rheology is concerned with how materials respond to applied forces and deformations.40
Basic parameters of stress (force per area) and strain (deformation per length) are key to all rheological evaluations [8].41
The sunflower oil was found to be more sensitive to thermal treatment, undergoing greater changes in its properties,42
especially in viscosity, which may increase considerably [9].43
The aim of this paper is to determine the rheological behavior of sunflower oil at shear rates ranging between 3 and 120 s-44
1 and temperatures range between 40 – 100 0C [10, 11].45

46
2. MATERIAL AND METHODS47

48
The sunflower oil used in this work is provided by a company from Bucharest, Romania. The fatty acid composition of the49
refined sunflower oil investigated is: saturated fatty acid (10%), monounsaturated fatty acid (20%) and polyunsaturated50
fatty acid (70%). The refined sunflower oil were investigated using a Haake VT 550 Viscometer developing shear rates51
ranging between 3 and 120 s-1 and measuring viscosity from 104 to 106mPa.s when the HV1 viscosity sensor is used. The52
temperature ranging was from 40 to 1000C and the measurements were made from 10 to 10 degrees. The accuracy of53
the temperatures was ± 0.1°C.54

55
3. RESULTS AND DISCUSSION56

57
The viscosity of sunflower oil decreases logarithmically with temperature, but the slope representing the change is58
lessened. Different equations are proposed in literature to calculate the shear stress.59

60
Bingham:61

 = o +  (1)62

Casson:63
1/2 = o

1/2 + 1/2  1/2 (2)64

Ostwald-de Waele:65
 = k n (3)66

and Herschel-Bulkley:67
 = o + k n (4)68

69
where  is the shear stress, o – yield stress,  - viscosity,  - shear rate, n – flow index and k – index of consistency.70
The rheograms of sunflower oil obtained from experimental data at the specified temperatures and shear rates are shown71
in Fig. 1 (B), 2 (C), 3 (D), 4 (E), 5 (F), 6 (G) and 7 (H) .72
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Fig. 1. Rheograms of sunflower oil at 40 0C74
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76
Fig. 2. Rheograms of sunflower oil at 50 0C77
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Fig. 3. Rheograms of sunflower oil at 60 0C80
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Fig. 4. Rheograms of sunflower oil at 70 0C84
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Fig. 5. Rheograms of sunflower oil at 80 0C87
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Fig. 6. Rheograms of sunflower oil at 90 0C89
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Fig.7. Rheograms of sunflower oil at 100 0C92
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Fig. 8. Dynamic viscosity versus temperature for sunflower oil at 3.3 s-1 shear rate95

The dependence of dynamic viscosity on the temperature for sunflower oil at shear rate 3.3s-1 and 30s-1 (the black curves96
from Fig. 8 and 9) was first order exponential decay as shown in figures 8 and 9. The exponential dependence of dynamic97
viscosity on the temperature for sunflower oil at 3.3s-1 is described for equation (5):98

99
η = 15.625+ 6.52397E16exp(-T/ 8.73595) (5)100
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Fig. 9. Dynamic viscosity versus temperature for sunflower oil at 30 s-1 shear rate103

104

The exponential dependence of dynamic viscosity on the temperature for sunflower oil at 30s-1 is described by equation105
(6):106

107
η= 9.05839+ 1.19194E11exp(-T/ 13.56768) (6)108

109
The dynamic viscosity of sunflower oil decreases exponential with temperature increasing.110
The black curves from figures 1, 2, 3, 4, 5, 6 and 7 shows that sunflower oil is described of equation Bingham (1) with111
correlation coefficients very close to unity (0.99995) at 40 – 70 0C and 90 0C. The between 80-90 0C sunflower oil has a112
Casson fluid behavior.113
Correlation coefficients corresponding to shear stress calculation with Bingham, Casson, Ostwald-de Waele and114
respectively Herschel-Bulkey equations are listed in Table 1.115

116
117
118
119
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Table1. Correlation coefficients for models (1)-(4) for sunflower oil at temperature125
40 - 100ºC126

127
Correlation coefficient, R2

Temperature, 0C Model Bingham Model Casson Model
Ostwald-de

Waele

Model Herschel-
Bulkley

40 0.99995 0.99768 0.99768 0.99546

50 0.99985 0.99764 0.99764 0.99430

60 0.99971 0.99840 0.99840 0.99279

70 0.99940 0.99905 0.99905 0.99345

80 0.99896 0.99935 0.99905 0.99821

90 0.99885 0.99938 0.99908 0.99367

100 0.99965 0.99858 0.99858 0.99704
128

At 40 0C refined sunflower oil it pseudoplastic behavior of Bingham fluid. The correlation coefficient, R2 has a value of129
0.99985 and dynamic viscosity is 19.81844. For the other rheological models correlation coefficients have values between130
0.99546 - 0.99768. The growing studied oil temperature reaches 10 degrees viscosity 10.19663Pas and highest131
correlation coefficient belongs to all the Bingham model. Temperature of 60 0C correlation coefficient is the highest value132
and close to one, ie 0.99971. Viscosity refined sunflower oil lowers the value 9.60278Pas. Viscosity at 70 0C oil becomes133
8.97932Pas and the correlation coefficient is the highest value for the Bingham model.134
At 80 and 90 0C refined sunflower oil behaves pseudoplatic Casson fluid. Correlation coefficients have higher values only135
for the equation described by the Casson model.136
Temperature of 100 0C refined sunflower oil has dynamic viscosity correlation coefficient 7.5876 Pas and has a value of137
0.9996.138
Plots of log viscosity versus 1/T for sunflower oil are represented in Fig. 10. Given the applicability for a wide variety of139
liquids of the Andrade equation (7) this was used for analyzing the variation of dynamic viscosity with temperature [10]:140

141
η = A·10B/T (7)142

143
where: η – dynamic viscosity (Pa·s), T temperature (Kelvin degree), A and B are constants for a given fluid. The constants144
A and B in accordance to Andrade equation were also determined for sunflower oil was (Table 2):145
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147
Fig. 10. Plot of log viscosity as a function of 1/T sunflower oil at: B – 3.3s-1, C – 6s-1, D – 10.6s-1, E – 17.87s-1, F –148
30s-1, G – 52.95s-1, H – 80s-1 and I – 120s-1149
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Table 2. Constants A and B for equation Andrade for sunflower  oil and shear rate156
157

Shear rate, s-1 log A B
3.3 -1.0943 823.0914
6 -0.8809 719.2359

10.6 -0.8635 695.2737
17.87 -0.9898 724.6267

30 -1.0409 741.6243
52.95 -1.1407 771.6052

80 -1.1677 773.0162
120 0.0209 324.3608

158
159

4. CONCLUSION160
161

The dynamic viscosity of sunflower oil was determined for temperature range between 313 – 373 K and shear rates162
ranging from 3.3 – 120 s-1. The dynamic viscosity of sunflower oil decreases exponential with temperature increasing. The163
between 40 – 70 0C and 90 0C sunflower oil has a Bingham fluid behavior. The between 80 - 90 0C sunflower oil has a164
Casson fluid behavior.165
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