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 

Abstract - Ionic liquids (IL) are a class of new solvents which 

have been increasingly used in a wide variety of applications in 

recent years due to an astonishing number of desirable 

properties. However, the rheological properties of ionic liquids 

have not been studied in detail, and there is currently confusion 

as to the choice of mathematical models for this type of fluid. To 

advance the current state of knowledge, a laboratory study was 

carried out to investigate constant shear viscosity. The flow 

characteristics of ionic liquid (1-Ethyl-3-methylimidazolium 

thiocyanate) were determined over a temperature range (20–

60C) using the geometry of the coaxial cylinder using the Anton 

Paar MRC 302 Rheometer. finds that the Herschel-Bulkley 

model is more accurate in describing the flow properties of ionic 

liquid. 
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I. INTRODUCTION 

Ionic liquids (LIs) are salts comprising ions, which exist in 

the liquid state at room temperature. They have many unique 

physical and chemical properties such as negligible vapor 

pressure, thermal and chemical stability, high ionic 

conductivity, and excellent solubility of many substances [1] . 

Several studies have been reported on the use of LI without 

reaction solvents [2], separate extraction solvents [3] and 

electrolytic materials [4, 5]. They can also be used as covering 

elements in polymers [6, 7]. From the point of view of 

processing and application, the mechanical and rheological 

properties of LI are of vital importance [8].              

Rheological analysis of these liquids is of great importance 

in determining even minimal changes in morphology. Due to 

the "notorious" differences related to the measurement of the 

rheology of LI, significant gaps in the knowledge on the study 

of flow properties remained large.    

The rheological properties of LI are of major interest due to 

the increasing number of industrial applications of these new 

materials. These properties provide key information on the 

molecular basis of these fluids, as well as the values needed 

for engineering design. 

 

 
 

 

Viscosity is one of the most important rheological 

properties of liquids, as a transport property, has a great effect 

on the rate of mass transferred, and therefore, the viscosity of 

the solvent is an important factor in all chemical processes and 

design [9]. Their biodegradable character, their low production 

cost and their simple chemical reaction, they tend to be very 

soluble in water and polar compounds (alcohols, acids, etc.), 

which considerably increases their potential importance in 

industrial terms [9]. 

In rheological studies, parameters such as temperature and 

composition must be taken into account. 

The objectives of this research study are: (i) to study the 

variation of viscosity as a function of the shear rate, (ii) to 

obtain a mathematical model to properly describe the 

rheological behaviors of LI, finally, to study the effect of 

temperature on the rheological behavior of this liquid.  

II. EXPERIMENTAL SECTION 

In this study, the ionic liquid used is 1-Ethyl-3-

methylimidazolium thiocyanate ≥ 95% HPLC H-NMR, 

marketed by the company SIGMA-ALDRICH. This ionic 

liquid has the formula C7H11N3S, and its molar mass is 

129.25 g / mol. 

Stable shear experiments were carried out using a dynamic 

rheometer (Anton Paar MRC 302), which is equipped at the 

Laboratory of Industrial Fluids, Measurements and 

Application (FIMA) DjilaliBounâama University of Khemis-

Miliana, Algeria. The geometry of the coaxial cylinder was 

chosen because of its greater sensitivity with low viscosity 

materials and fluid suspensions [10].The measuring device 

was equipped with a temperature control unit, which enables 

efficient temperature control over a long period. A 10 ml 

sample of LI wasloadedinto the cylinder and allowed to 

equilibrate at the set temperature (20 to 60 ° C). 

For isothermal measurements, the rheometer was set at 

room temperature (23.15 ° C) followed by a programmed 

shear from 1 to 500 s -1. Parameters such as viscosity, shear 

rate and shear stress were obtained from the rheometer. As 

previously indicated, there is currently no consensus on the 

choice of the mathematical model to interpret the rheological 
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data for the LIs. 

The experimental shear stress and shear rate data of 1-

Ethyl-3-methylimidazolium thiocyanate were analyzed using 

the Herschel Bulkley rheological model. 

III. RESULT AND DISCUSSION 

A. The flow curve 

Newtonian and non-Newtonian fluids have completely 

different rheological behaviors. When the stress varies linearly 

with the strain rate at constant temperature, the proportion 

constant being viscosity, fluids are Newtonian. The equation 

governing the Newtonian behavior of a fluid is given by: 
0

   (1) 

Where τ is the shear stress, η is the shear viscosity and is 

the shear rate.  

When fluids do not follow this simple behavior, they are 

classified as non-Newtonian. There is no consensus on the 

appropriate mathematical models for the flow behavior of 

ionic liquids, as no detailed studies have been reported in the 

construction literature for this type of fluid. 

To describe the rheological behavior of 1-Ethyl-3-

methylimidazolium thiocyanate, tests were carried out for 

shear rates of 1 to 500 s -1 according to the procedures 

described above. All tests were carried out at room 

temperature (23.15 ° C). The data points were fitted with the 

Herschel Bulkley model, which is expressed as follows: 
.

0

nK   
(2) 

In equation (2), With:: Threshold stress (Pa), K: 

Consistency index (Pa.sn), n: Flow index. If n = 1, the system 

is Newtonian fluid, the apparent viscosity varies little with the 

shear speed; if n> 1, the system is dilating fluid, the viscosity 

increases with the apparent increase in the shear rate; if n <1, 

the system is pseudoplastic fluid, the apparent viscosity 

decreases with increasing shear rate.   

To give a better presentation of the shear dependence of the 

liquid studied, the variation of the viscosity as a function of 

the shear rate has been shown in figure 1. 1-Ethyl-3-

methylimidazolium thiocyanate shows two deferent regimes: 

The first regime, at low shear rate (γ ο <30 S -1 ): the liquid 

studied is non-Newtonian fluid in this specific range of shear 

rate (this occurs when the viscosity depends on the shear rate). 

The non-Newtonian behavior is shown by the non-linearity 

between the shear stress and the applied shear rate (The shear 

stress was not linearly dependent on the shear rate values). 

The viscosity of the LI decreased with increasing shear rate 

dictating the shear thinning behavior (it is a pseudoplastic 

fluid). The decrease in viscosity could be due to the 

breakdown of structural units in the LI due to the 

hydrodynamic forces generated at the start of shear. The non-

Newtonian behavior of 1-Ethyl-3-methylimidazolium 

thiocyanate seems similar to that observed for other ILs in 

some previous works [9-11-12] 

The second regime, at high shear rate (γ ο> 30 S -1 ): We 

see that the shear stress changes linearly with the shear rate 

(Figure 2) and the apparent viscosity is almost independent of 

the shear rate (Figure 1). 

The Herschel Bulkley model, which is commonly used to 

analyze the flow behavior of liquid foods, has shown a good 

correlation between experimental and predicted data at all 

diets, and can be expressed as follows: 
.

1.00220.0096674 0.023761*                    (3) 

B. Temperature effect 

This involves testing the viscosity at different temperatures 

in order to observe how the rheological characteristics change 

with changes in temperature, as shown in Figure 3. 

In Figure 3, we can see that with the increase in 

temperature, the viscosity of 1-Ethyl-3-methylimidazolium 

thiocyanate continuously decreases. The reason is that with the 

increase in temperature, the thermal movement between the 

thickener and crosslinker molecules accelerates, destroying the 

chemical bonds between the molecules and the relaxation of 

the structure, and ultimately resulting in less resistance. to 

flow. 

 
Fig. 1.  Viscosity variation of 1-Ethyl-3-methylimidazolium thiocyanate as a 

function of shear rate, experimental and by Herschel Bulkley model. 

 

 
Fig. 2.  The flow curve of 1-Ethyl-3-methylimidazolium thiocyanate, 
experimental and by Herschel Bulkley model. 
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The dependence of viscosity on temperature is well 

described by the Arrhenius type equation [13-14]: 

0 *exp aE

RT
 

 
  

   (4) 

Where η is the measured viscosity (Pa s), ηo is constant, E a 

is the activation energy (kJ / mol) and R is the universal gas 

constant (8.314 J / mol / K). 

A graph of the logarithm of the viscosity (ln η) versus the 

inverse of the temperature (T -1 ) is shown in figure 4. The 

results show that the relationship between ln ηo and T -1 is 

linear (R 2 = 0.9612), which corresponds to the following 

formula: 

0ln ln aE

RT
  

(5) 

From Fig. 4, it can be seen that the slope in a straight line is 

31.063; by calculation, the activation energy of the viscous 

flow of the LI is 257.717 

Finally, the Arrhenius type equation is expressed as follows: 
31.063

5.8644*exp
T


 

  
  (5) 

 

 

IV. CONCLUSION 

In the present study, the geometry of the coaxial cylinders 

was used for the characterization of the flow of 1-Ethyl-3-

methylimidazolium thiocyanate at different temperatures 

(from 20 to 60 ° C). 1-Ethyl-3-methylimidazolium thiocyanate 

showed shear thinning behavior in a specific range, and was 

well described by the Herschel Bulkley model. 

The effect of temperature on the apparent viscosity of 1-

Ethyl-3-methylimidazolium thiocyanate is analyzed. The 

results show that the apparent viscosity decreases with 

increasing temperature. By regression analysis, it can be seen 

that the zero shear viscosity is temperature dependent and 

agrees with the Arrhenius equation. 
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Fig. 3.  The influence of temperature on the viscosity of 1-Ethyl-3-

methylimidazolium thiocyanate. 

 

 
Fig. 4.  Graph of ln(η) as a function of T-1 for 1-Ethyl-3-methylimidazolium 

thiocyanate at different temperatures. 
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