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Abstract 

 The rheological behavior of two types of crude oil and oil-in-water (o/w) emulsion were thoroughly 
studied. These rheological properties were investigated including steady flow behavior, shear stress, shear rate, and 
fluid flow behavior by using a Brookfield Rotational Digital Rheometer. Both of crude oils were prepared by 
homogenized at 10,000 rpm in 5-10 min, thermodynamically stable. The pure heavy and blend oil exhibit a 
Newtonian character for the  temperature  between 30°C - 97°C with expression of expressed in terms of shear 
stress, τ= ƒ(γ). Besides, Arrhenius-type relation is expressed in terms of log µ=ƒ(1/T) also demonstrated  their  
Newtonian behavior. Meanwhile, the model emulsions range to 30-60% by volume oil indicate non-Newtonian 
shear thinning (n<1) flow behavior which is examined shear rate range between 17-85 s-1. However, the oil in water 
emulsion indicated Newtonian profile when preparing emulsion over 60% of oil fraction and T >90 0C. The 
expression from Power Law model demonstrated non-linear relation between shear rate and shear stress can be 
observed.   
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I.  Introduction
Crude oil has a very significant role to be played 

for the countries that have a radical need for fuel either 
for industrial consuming, electricity, or even for 
mobilization of transport. Thus, the crude oil is very 
important sector mostly in industrial application where it 
applies in energy contribution. The viscous oil become 
more challenging task in oil and gas industry due to non-
Newtonian flow behavior especially when transport 
heavy oil emulsion through pipeline (Henaut et al., 
2003). Rheology is the study of behavior flow of fluid 
and generally, viscous fluid can be categorized according 
to their rheological (viscous) properties which are 
Newtonian or non-Newtonian fluid (Abulencia and 
Theodore, 2011). Basically, Newtonian fluid often obey 
Newtonian’s law, where the fluid shear stress is linearly 
proportional to the velocity gradient. Clearly, Newtonian 
fluid has constant viscosity at all stresses and shear rates. 
Hartnett and Cho (1998) had found that, Newtonian 
fluids are a subclass of original viscous fluids. 
Meanwhile, Non-Newtonian fluid does not obey 
Newton’s law of viscosity and usually exhibit various 
types of non-linearity including pseduplastic, dilatant, 
plastic and bingham fluid. If the fluid viscosity decreases 
with increasing shear rate, the observe behavior exhibit 
shear-thinning, meanwhile shear-thickening occur when 
viscosity increase with increment of shear rate (Van Vliet 
and Lyklema, 2005; Barnes et al., 1993). 

In reviewing the literature, several authors 
works in this investigation (Patsy et al., 2009; Madjid 

and Hamou, 2013; Hasan et al., 2010), however most of 
reseachers interested to discussed rheology of waxy oil 
(Al-Fariss et al., 1992; Wardhaugh et al., 1988; 
Ronningsen, 1992; Visintin et al., 2005; Li and Zhang, 
2003; Chang et al., 1999) and water-in-oil emulsion 
rather than investigate the rheology of oil-in-water 
emulsion. The objective of this study is to determine the 
rheology of pure crude oil and oil-in-water emulsion 
behavior using Power law and Arrhenius-type relation.  
This investigation provides the flow behavior curve in 
terms of the viscosity- shear rate and shear stress -shear 
rate relationships. 
 

II.  Experimental Procedure 
Sample Preparation 

Two types of crude oil samples were use in this 
research where obtained from PETRONAS Refinery at 
Melaka and blended with forty per cent (40%) of light 
crude oil. In order to prepare oil in water, the Triton X-
100 was used as surfactant and dissolved in water. The 
oil was added gradually to the mixture to the distillate 
water as continuous phase in 100mL beakers. The 
emulsion was homogenized with 10,000 rpm in 5-10 
minute. The ratio of oil is varied between 50%, 60%, and 
70% and concentration of surfactant was constant at 
0.9% of Triton X-100. The rheological measurements for 
all samples were carried out by using Brookfield 
Rotational Digital Rheometer with UL adaptor and 
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spindles 31 in order to measuring viscosity, shear rate 
and shear stress. 

 
Figure 1: Brookfield Rotational Digital Rheometer. 

 
III.  Experimental Results 

1) Rheological Behaviour of Crude Oil and Effect of 
Temperature.  

The response of a Newtonian fluid is 
characterized by a linear relationship between shear 
stress and shear rate. A series of crude oil samples have 
been examine and the results expressed in terms of shear 
stress, τ= ƒ(γ) as equation 1. This equation  was  
formulated  to  enable  one  to  empirically  predict  
liquid  viscosities  as  a function of shear rate. 
According to Barnes et al. (1993), Newton introduces 
this idea called Newtonian viscous liquid as discussed in 
literature review. A Newtonian fluid in laminar flow with 
constant temperature (Partal and Franco, 2010; Madjid 
and Hamou, 2013), Newton’s law has the following 
form: 
     � =  ��                   (1) 
Where τ is the applied shear stress in Pa, µ is viscosity in 
Pa.s, and γ corresponding shear rate in s−1. 

From the experiment data and calculation, the graph 
was ploted between viscosity and shear rate. The heavy 
and blend crude oil exhibits a Newtonian behavior 
(Figure 2).  

 

 
Figure 2: Rheogram heavy and blend crude oil at different 

temperatures. 
 

The variation of shear stress with shear rate 
were analyse including different temperature (30°C – 
96°C). From the graph, it’s clearly showed that the 
increasing in temperature is reflected by a consequent 
decreasing in the viscosity of crude oil (Madjid and 
Hamou, 2013).  

 
II) Effect of Temperature on the Viscosity using 
Arrehenius Relationship. 

Besides, there are several authors is using 
Arrehenius-type relationship with expression of log µ= 
ƒ(1/T). This equation is showed the effect of 
temperature and viscosity (Madjid and Hamou, 2013; 
Choi and Yoo, 2009; Thodesen et al., 2009; Saeed et al., 
2009; Ronningsen, 2012; Sunny, 2010) as shown in 
equation 2:  
      
             log � = 	 + (�/�)              (2) 
Where A and B are constants characteristic of each oil 
and T, is the temperature in Kelvin. 

The result demonstrated the viscosity of crude oil 
varies strongly with temperature and normally fitted 
with the Arrhenius-type relationship which is indicating 
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in Figure 3.  
 

Figure 3: Variation of the viscosity of heavy and blend 
crude oil depending on the temperature.

 
 The graphical curves presenting the relation expressed in 
terms of log µ= ƒ(1/T). By numerical treatment 
using the least squares method, the values of the 
constants A, B and the standard deviation (R
in Table 1 where both value of R2 showed 0.9926.
 

Table 1: Values of model constants log µ= ƒ(1/T)  for
different crude oils. 

Crude Oils        A      B 

Heavy Oil -4.24 2019 

Blend Oil -3.92 1773.8 
 
 
III) Rheological Behavior of Emulsions. 
 

Generally, the viscosity of non-Newtonian fluids 
changes as the shear rate is varied. Thus, the parameters 
of viscometer model, spindle and rotational speed al 
have an effect on the measured viscosity. This measured 
viscosity is called apparent viscosity and is accurate 
when explicit experimental parameters are adhere
The oil-water emulsions (50%, 60% and 70%) by 
volume of oil were measured at constant temperature 
(T=30°C), thermodynamically stable. For each type of 
crude oil-water emulsion, the rheological parameters are 
calculated by Power Law for non-Newtonian fluid:

 
                � = �(�)n  

 
For : n < 1, the fluid exhibits shear-thinning properties
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Variation of the viscosity of heavy and blend 

crude oil depending on the temperature. 

The graphical curves presenting the relation expressed in 
= ƒ(1/T). By numerical treatment of data 

method, the values of the 
constants A, B and the standard deviation (R2) are shown 

showed 0.9926. 

µ= ƒ(1/T)  for 

     R2  

0.9926 

0.9926 

Newtonian fluids 
Thus, the parameters 

model, spindle and rotational speed al 
have an effect on the measured viscosity. This measured 
viscosity is called apparent viscosity and is accurate 
when explicit experimental parameters are adhered to. 

0% and 70%) by 
ured at constant temperature 

For each type of 
water emulsion, the rheological parameters are 

Newtonian fluid: 

         (3) 

thinning properties 

         n = 1, the fluid shows Newtonian behaviour
         n > 1, the fluid shows shear-
 
Here, K is consistency index in (Pa.s)
behavior index in dimensionless. 
viewed as the value by curve point 
at the shear rate (Nguyen, et al., 2012) 
Figure 4. The apparent viscosity of non
fluids changes with the applied of shear stress or shear 
rate. 
 

Figure 4: Power Law Index and Consistency values relate 
to flow curve shape

 
Besides, Figure 5 illustrated 

model fits the flow behaviour of the heavy crude oil 
very adequately over the tested range of shear rates
addition, Table 2 display the analysis using Power law 
model which indicate the highest regression correlation 
coefficient, R2, of 0.9975 and 0.9931
heavy and blend oil, respectively. 
by Hassan et al (2010). 
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n = 1, the fluid shows Newtonian behaviour 
-thickening behaviour 

consistency index in (Pa.s)n and n is flow 
 The value of K can be 

by curve point of apparent viscosity 
(Nguyen, et al., 2012) as displayed in 

The apparent viscosity of non-Newtonian 
fluids changes with the applied of shear stress or shear 

 
Power Law Index and Consistency values relate 

to flow curve shape. 

illustrated the Power Law 
of the heavy crude oil 

very adequately over the tested range of shear rates. In 
display the analysis using Power law 

the highest regression correlation 
, of 0.9975 and 0.9931 for emulsion of 

heavy and blend oil, respectively.  This fact also agreed 
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Figure 5: Shear-thinning behavior of heavy and blend oil in 
water (o/w) emulsion in terms of shear rate and shear 

stress. 
 
Table 2: Values of  Power law model for both types of 
              crude oils. 
 

Crude Oils        K      n 

Heavy Oil 0.42 0.63 

Blend Oil 0.24 0.75 
 

 
Both graphs were plot in 

demonstrated a non-Newtonian pseudoplastic behavior 
or known as shear-thinning where the fluid 
decreasing apparent viscosity with an increasing shear
rate. The present analysis has also found by several 
authors which is demonstrated the existence of a 
similarity plot between viscosity and shear rate 
(Abdurahman et al., 2012; Madjid and Hamou, 2013
Hasan et al. 2010).  

Indeed, the increase in temperature is reflected 
by reduced almost 14 times when it is heated from 30
0C in the viscosity of emulsion. From the observation, 
the escalating of emulsion viscosity showed 
rates rather than at high shear rates. Thus, temperature 
gives high impact to the viscosity especially on viscous 
fluid. 
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for both types of  
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plot in Figure 6 
ewtonian pseudoplastic behavior 

fluid displayed a 
decreasing apparent viscosity with an increasing shear 

found by several 
demonstrated the existence of a 

cosity and shear rate 
ahman et al., 2012; Madjid and Hamou, 2013; 

Indeed, the increase in temperature is reflected 
by reduced almost 14 times when it is heated from 30–96 

From the observation, 
escalating of emulsion viscosity showed at low shear 

Thus, temperature 
gives high impact to the viscosity especially on viscous 

 

Figure 6: Effects of temperature on the viscosity 
and blend crude oil (measured at 70% oil,

100, 10K rpm, 30
 

However, after temperature reach over 90 
the emulsion become Newtonian behaviour. T
thinning behavior (non-Newtonian) 
temperature and this fact is also found by Al
al (2004). This observation is also showed 
which is indicating Newtonian pr
content below than with 60% oil. 
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Effects of temperature on the viscosity for heavy 

and blend crude oil (measured at 70% oil, 0.9% Triton X-
100, 10K rpm, 30 0C). 

However, after temperature reach over 90 0C, 
ion become Newtonian behaviour. The shear 

Newtonian) appears at lower 
is also found by Al-Roomi et 

This observation is also showed in Figure 7 
Newtonian profile when the oil 

0% oil.  
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Figure 7: Effect of oil content on viscosity heavy and blend 
crude oil (measured at 0.9% Triton X-100, 10K rpm, 30 

0C). 
Sumner et al. (1998) had stated the emulsions 

were showed as non-Newtonian profile over 50% of oil 
content and above. Table 3 indicates the summary from 
this finding. 

Table 3: Summary results of temperature effect and       
oil content. 

 Temperature Oil Volume 
Newtonian >90 0C <60% 
Non-Newtonian <90 0C >60% 
 

Ilia and Abdurahman (2010) had explained this 
observation is due to frequently of droplet interaction and 
increased friction between oil and water. The droplet was 
aggregate fast by changing with time, thus coalescence 
process were occur. The droplet size distribution and oil 
fraction are the main of parameter that affects the 
viscosity and rheological behavior of emulsions (Ahmad 
et al., 1999; Lee et al., 1999).  

 
 
 

IV.  Conclusions 
The current investigation were study the 

rheological properties of pure crude oil and emulsion 
study. The oil-in-water emulsion (o/w) were successfully 
prepared by using two samples crude oil and emulsified 
with water in the presence of Triton X-100. The 
conclusion of this investigation showed the viscosity of 
both types of oil in water (o/w) emulsion decreases 
significantly with temperature rise between 30-95 °C. 
The additions of 40% light crude oil to heavy oil were 
cause strong reduction of viscosity from 478 to 113 mPas 
(� =17s-1) at 30°C. Besides, the heavy crude oil exhibits 
a Newtonian fluid behavior where the fluid is 
independent of shear rate. The emulsions indicate 
pseduplastic shear-thinning profile over the 60% of oil 
fraction and temperature is below than 90 0C. However, 
the behavior of emulsion changes to Newtonian profile 
when oil fraction is below than 60% and the temperature 
is higher than 900C. It strongly showed that, the 
increasing of temperature and oil content were effect on 
the rheology flow of the pure crude oil as well as 
emulsion.  
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