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Abstract: In this paper, the viscosity of different kinds of biodiesel samples was measured at 

10℃to 80℃. A model of kinematic viscosity estimation is proposed with very good fitting to 

experimental data. The optimized empirical formula has the advantages of small relative error, 

small error range and no obvious error fluctuation. On the basis of the optimized empirical formula, 

the concept of viscosity gradient of biodiesel and the concept of critical preheating temperature of 

biodiesel are proposed in this paper. The viscosity gradient, critical preheating temperature and 

application range of three kinds of biodiesel are obtained by analyzing the viscosity of different 

kinds of biodiesel samples. 

1. Introduction 

Biodiesel is an alternative biodegradable fuel which can be produced by aquatic plants oil such as 

oil crops, wild oil plants, engineered microalgae and animal fats, food waste oil and methanol 

through a transesterification process. Biodiesel has environmental advantages compared with 

petrochemical diesel [3,8].For example,biodiesel can be biodegradable, nontoxic, and 

environmentally friendly [5]. 

Kinematic viscosity not only has an impact on performance and emission characteristics of the 

engine, but it is one of most important properties of liquid behavior [9]. Biodiesel fuels with high 

viscosity tend to form larger droplets in the injection which leads to a poor fuel atomization that 

increases the spray tip penetration and decreases the spray angle, deriving into a poor combustion. 

This eventually causes the fuel injector to be coked, the piston ring adhered, and tended to form an 

engine deposit [2]. Biodiesel tends to precipitate waxy crystals at low temperatures, which can clog 

engine pipes and filters. It makes the engine difficult to start [2, 3, 9]. 

Therefore, this article studies the law of kinematic viscosity of biodiesel with temperature. From 

these results, an optimization empirical formula of kinematic viscosity estimation is proposed with 

very good fitting to experimental data. Then on the basis of the optimized empirical formula, we 

put forward the concept of the viscosity gradient and the critical preheating temperature of 

biodiesel which can determine the biodiesel that is suitable for the combustion of the engine and 

determine the most suitable and preheating temperature. The concept proposed in this study is of 

helpful to the improvement of the low temperature fluidity of biodiesel. 

2 Materials and methods 

2.1 Materials  

We used Jatropha seeds oil, rubber seeds oil and gutter oil that supplied by Yunnan Ying Ding 

Bioenergy Co., Ltd. (Yunnan, China) to produce biodiesel. In this study, methanol, potassium 

hydroxide and absolute alcohol were of about 99 purity and purchased from Merck. 
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2.2 Methods 

Three different samples of biodiesel were produced by the transesterification of Jatropha seeds oil, 

rubber seeds oil and gutter oil with methanol in the presence of catalysts.The kinematic viscosity of 

three biodiesel samples was measured following the GB/T265-1988 standard. Every experiment 

was replicated five times, and the temperature was maintained within 0.1℃ of the test temperature 

which is starting at the temperature of 10℃ towards higher temperatures and stopped at the 

temperature of 80℃. Cannon-Fenske viscosimeters were used in order to measure the kinematic 

viscosity of biodiesel. 

3. Results and discussion 

3.1 The effect of temperature on the kinematic viscosity of biodiesel 

Fig. 1 shows the dependency of the measured viscosity on temperature. As the temperature is 

increased, the kinematic viscosity of three biodiesel samples is reduced. When the temperature is 

low, the kinematic viscosities of three biodiesel samples vary significantly with temperature.For 

example, the kinematic viscosity of biodiesel for Jatropha biodiesel, gutter oil biodiesel and rubber 

seed biodiesel at 20 ℃ was decreased by 27.5%, 28.0% and 25.0% respectively compared to 

10 ℃.The kinematic viscosity of the three biodiesel samples is not very different when the 

temperature is high. And its kinematic viscosity changes little with the temperature. For instance, 

the kinematic viscosity of biodiesel from Jatropha biodiesel, gutter oil biodiesel and rubber seed 

biodiesel at 80℃ was only reduced by 11.2%, 12.5% and 13.6% respectively compared to70℃.The 

attraction between biodiesel liquid molecules is a major factor in their kinematic viscosity.  

 

Fig.1 Dependency of the measured kinematic viscosity on temperature of three kinds of biodiesel samples. 

3.2 The empirical formula of biodiesel kinematic viscosity and temperature 

S. Kerschbaum proposed that the viscosity is reduced in the form of an exponential equation based 

on the usual Arrhenius form when the temperature is over 0 ℃, which is the linear relationship 

between ln (η) and 1/T [5]. Eq.(1) shows the kinematic viscosity and temperature empirical 

formula.  

η=e (A+B/T).                                                                  (1) 

where η(mm2/s) is the kinematic viscosity, T(K) is the absolute temperature, and A and B are 

constants specific to the biodiesel.  

Results of the regressions using Eq. (1) are shown in Table 1. The calculated viscosity values 

and measured values for the three biodiesel samples are shown in Table 2. The empirical formula 

for the prediction error of Jthree biodiesel viscosity is larger at low temperature. For example, the 

relative errors of three kinds of biodiesel are 7.15%, 7.22% and 4.15% respectively at 10 ℃. 
Moreover, the error range of the empirical formula is larger and unstable, such as the error of 

empirical formula of gutter oil biodiesel ranges from 0.07% to 7.22%. 
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Table 1 The empirical formula of kinematic viscosity and temperature of three kinds of biodiesel samples. 

Samples Empirical formula for viscosity  Correlation coefficient R2 

Jatropha biodiesel η= e(2050.8/T-5.071) 0.9923 

Gutter oil biodiesel η= e(2096.4/T-5.182) 0.9927 

Rubber seed biodiesel  η=e(2068.1/T-5.140) 0.9975 

Table 2 Measured values of three kinds of biodiesel kinematic viscosity and calculated values of empirical formula 

(mm2/s). 

temperature Jatropha biodiesel Gutter oil biodiesel Rubber seed biodiesel  

t(℃) η η' (% error)a η η'(% error)b η η'(% error)c 

10 9.486 8.808 (7.15) 9.981 9.261 (7.22) 9.117 8.739 (4.15) 

15 8.159 7.767 (4.81) 8.575 8.143 (5.04) 7.782 7.698 (1.09) 

20 6.878 6.878 (0.01) 7.187 7.192 (0.07) 6.836 6.810 (0.38) 

25 5.997 6.116 (1.98) 6.249 6.378 (2.07) 5.982 6.049 (1.12) 

30 5.274 5.459 (3.51) 5.496 5.679 (3.33) 5.307 5.395 (1.65) 

35 4.716 4.891 (3.72) 4.868 5.076 (4.27) 4.74 4.829 (1.87) 

40 4.203 4.398 (4.63) 4.345 4.553 (4.78) 4.234 4.338 (2.45) 

45 3.828 3.967 (3.64) 3.921 4.098 (4.51) 3.800 3.910 (2.89) 

50 3.481 3.590 (3.14) 3.612 3.700 (2.44) 3.427 3.535 (3.16) 

55 3.151 3.259 (3.43) 3.281 3.352 (2.15) 3.137 3.207 (2.22) 

60 2.928 2.967 (1.33) 2.997 3.045 (1.60) 2.877 2.917 (1.38) 

65 2.723 2.709 (0.53) 2.794 2.774 (0.71) 2.653 2.661 (0.30) 

70 2.511 2.479 (1.26) 2.590 2.534 (2.15) 2.461 2.434 (1.11) 

75 2.363 2.275 (3.71) 2.406 2.321 (3.52) 2.283 2.232 (2.24) 

80 2.229 2.093 (6.10) 2.267 2.131 (5.98) 2.126 2.052 (3.50) 
a, b, c The prediction results come from empirical formulas of the kinematic viscosity and 

temperature of three biodiesel respectively; η -Measured kinematic viscosity; η' - Calculated 

kinematic viscosity; 

3.3 The optimization formula of kinetic viscosity and temperature of biodiesel 

This article optimizes the empirical formula of the viscosity and temperature of biodiesel, and 

mainly solves the problem of relatively large and unstable prediction of kinematic viscosity when 

the temperature of biodiesel is low. The optimized empirical formula is shown in Eq. (2). 

η=e (A+Bt+Ct2)                                                               (2) 

where η(mm2/s) is the kinematic viscosity, t(℃) is Celsius temperature, and A ,B and C are 

constants specific to the biodiesel.  

Results of the regressions using Eq. (2) are shown in Table 3.With the lowest R2 value greater 

than 0.999, Eq. (4) provides a good fit and representation of measured values. Fig. 3, Fig. 4 and Fig. 

5 respectively show the measured values, calculation values and relative errors of kinematic 

viscosity of Jatropha biodiesel, gutter oil biodiesel and rubber seed biodiesel. 

Table 3 The optimized empirical formula f kinematic viscosity and temperature of three kinds of biodiesel samples. 

Samples Optimized empirical formula for viscosity Correlation coefficient R2 

Jatropha biodiesel η= 𝑒(2.567−0.0334𝑡+0.000156𝑡2) 0.9995 

Gutter oil biodiesel η= 𝑒(2.621−0.0349𝑡+0.000156𝑡2) 0.9995 

Rubber seed biodiesel η= 𝑒(2.5000−0.0312𝑡+0.000118𝑡2) 0.9999 
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Fig. 5 Measurement and calculation of kinematic viscosity of rubber seed biodiesel and its error. 

As can be seen from the figure, the error of the empirical formula is large and extremely 

unstable. Furthermore, from the figure it can be seen that the model of Eq. (2) fits the experimental 

data very satisfactorily (R2 > 0.999).Compared with the empirical formula, the calculated value of 

the optimized empirical formula is smaller and the error is more stable. For example, the maximum 

relative errors of calculated values of kinematic viscosity of Jatropha biodiesel, gutter oil biodiesel 

and rubber seed biodiesel are 1.33%, 1.81% and 1.03%, respectively.And the errors of calculated 

values of kinematic viscosity of three kinds of biodiesel are stabilized at 0.87 %, 1.06% and 0.4%. 

And the error of calculating the viscosity of three biodiesel is smaller when the temperature is 

lower. The optimized empirical formula of temperature and kinematic viscosity proposed in this 

paper is superior to the empirical formula in terms of correlation coefficient, accuracy and error 

stability.  

3.4 Analysis and research on kinematic viscosity gradient of biodiesel 

Because of the influence of temperature on the kinematic viscosity of biodiesel, especially at low 

temperature, the concept of kinematic viscosity gradient put forward in order to study the effect of 

temperature on the kinematic viscosity of biodiesel. The kinematic viscosity gradient is the change 

of the kinematic viscosity at unit temperature. The kinematic viscosity gradient is of great 

significance for the analysis and study of the low temperature fluidity and atomization of biodiesel. 

The expression of kinematic viscosity gradient is shown in Eq (3). 

grad η= | 
dη

dt
 |                                                                (3) 

Where η(mm2/s) is the kinematic viscosity, t(℃) is Celsius temperature, and grad 

η(mm2s-1℃-1) is the kinematic viscosity gradient. 

The magnitude of the viscosity gradient reflects the change rate of kinematic viscosity of 
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Fig. 3 Measurement and calculation of kinematic 

viscosity of Jatropha biodiesel and its error. 

 

Fig. 4 Measurement and calculation of kinematic 

viscosity of gutter oil biodiesel and its error 
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biodiesel with temperature. When the gradient viscosity of biodiesel increases, the kinematic 

viscosity will decrease, and the droplet diameter decreases when atomizing, and its combustion 

quality and emission characteristics will be improved in the engine.The preheating cost of biodiesel 

will decrease when the gradient of kinematic viscosity increases. Fig. 6 is the viscosity gradient of 

three biodiesel. Fig. 6 shows that kinematic viscosity gradient decreases with increasing 

temperature. The kinematic viscosity gradient of three biodiesel samples vary significantly with 

temperature at low temperature. The kinematic viscosity gradient of the three biodiesel samples is 

not very different when the temperature is high, and its kinematic viscosity gradient changes little 

with the temperature.  

 
Fig. 6 Kinematic viscosity gradients of three biodiesel samples. 

4. Conclusions 

1 The kinematic viscosity of three biodiesel samples is reduced as the temperature is increased. The 

kinematic viscosities of three biodiesel samples vary significantly with temperature at low 

temperature, but it changes little at high temperature.   

2 The empirical formula for the prediction error of Jatropha biodiesel, gutter oil biodiesel and 

rubber seed biodiesel viscosity is larger at low temperature. Moreover, the error range of the 

empirical formula is larger and unstable. The optimized empirical formula of temperature and 

kinematic viscosity proposed in this paper is superior to the empirical formula in terms of 

correlation coefficient, accuracy and error stability. 

3 The concept of kinematic viscosity gradient is proposed in this paper which is the change of 

the kinematic viscosity at unit temperature. The kinematic viscosity gradient of three biodiesel 

samples vary significantly with temperature at low temperature, but it changes little at high 

temperature.  
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